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for simultaneously combating 
inflammation, allergy, infection 


(0.5% prednisolone acetate and 10% sulfacetamide sodium — 
5 cc. dropper bottle) 


(0.5% prednisolone acetate, 10% sulfacetamide sodium and 
0.25% neomycin sulfate—% oz. tube) 
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NEW VISION 


FOR CATARACT 


PATIENTS... 


“Crown jewel of ophthalmic lenses,” 
it gives you unsurpassed satisfaction of 
visual requirements . . . and in 
patient-gratitude for its cosmetic 
excellence. Have you seen it? 


Panoptik Fused Lenticular Cataract 
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The new. 


All surfaces stegife 
Medicati erile, buffered, isotonic 


Convenience 
No preliminary preparation required 
Clip end of polyethylene bag 


Drop unit on sterile surface 
Remove dropperette cap and proceed 


CLONDINY 


Lowest priced surgical unit available 
Sufficient for post operative treatment 
Sufficient for complete refraction 

No waste — No excess 


Write for samples and literature 


THE ISO-SOL CO..INC.. LINDENHURST.N. Y. 


Farmacia Panamericana, Panama City The Ranar Co., Montreal 
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“Prompt healing without infection 


resulted in all traumatic lesions treated”* 


“, .. Furacin is an effective antibacterial drug 
which may be safely prescribed for a variety of 
conditions involving the external eye and lids.” 


AM. 2. OPHTM. 3511343, 1952.] 


e rapid, effective antibacterial action against a 
wide variety of gram-negative and gram-positive 
organisms with unique lack of irritation 

@ does not inhibit phagocytosis or retard regenera- 
tion of the highly sensitive corneal epithelium 

@ effective in the presence of pus and mucus 


@ indicated in external ophthalmic bacterial infec- 
tions including conjunctivitis, blepharitis, dac- 
ryocystitis, keratitis, hordeolum, lid abscesses and 
for the prevention of post-operative infections 


For infections of the nose and ear: 


FURACIN nasa@l-oopically effective antibacte- 
rial for the treatment of rhinitis, nasopharyngitis and sinu- 
sitis: available in convenient plastic atomizer. Contains 
Furacin 0.2% with phenylephrine-HCI 0.25% in an aqueous 
isotonic solution of sodium salts and methylparaben. 


FURACIN ear SOlutiOn-—prompt antibac- 
terial and deodorizing action in otitis. 


Furacin Ear SoLution contains Furacin (brand of nitro- 
furazone) 0.2% in hygroscopic, water-soluble, polyethylene 
glycol. Dropper bottle of 15 cc. 


FURACIN 


ophthalmic 


Furactn OPHTHALMIC Liquid (sterile) contains 
Furacin (brand of nitrofurazone) 0.02% dissolved 
in an isotonic aqueous solution. Dropper bottle of 
15 cc. Furactn OpuHtTHaLMic OINTMENT contains 
Furacin (brand of nitrofurazone) 1% in a petro- 
latum base. 3.5 Gm. tube. 


EATON LABORATORIES, Norwich, oe NITROFURANS antiviotics nor suites 


neither antibiotics nor sulfas 
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fitting that’s proper 


When the final screw is tightened and the last lens polished, 
it’s proper fitting that counts. Your GUILD OPTICIAN’s 
highest standards of technical accuracy go hand in 
hand with his skilled fitting to insure your patient’s 
comfort. When your prescription is filled by your 
GUILD OPTICIAN you know that your patient will 
wear his needed correction. 
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Improved treatment of glaucoma 
with a new, highly potent 


carbonic anhydrase inhibitor 


DARANIDE 


Dichlorphenamide 


Tablets 


inhibits aqueous humor formation—lowers intraocular pressure 


«reduces danger of metabolic acidosis 

e minimal loss of effectiveness, 
even with long-term use 

e smooth control—few side effects 

e low dose effectiveness—less than with other 
carbonic anhydrase inhibitors 

emay be effective when other therapy, 
including miotics, has failed or 
has not been tolerated 

e effective orally—unsurpassed absorption 
after oral administration 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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"DARANIDE' 
Tablets 


Dichlorphenamide 


DESCRIPTION 


*‘Daranide’ is a new, orally effective, potent 
carbonic anhydrase inhibitor. Because of its 
marked inhibitory effect on this enzyme in the 
eye, ‘Daranide' is a therapeutic agent of con- 
siderable value in reducing the increased 
intraocular pressure in many types of glaucoma. 


CHEMISTRY 


*Daranide', a dichlorinated benzenedisulfona- 
mide, is known chemically as 1,3-disulfamyl- 
4,5-dichlorobenzene and is designated by the 
generic name of dichlorphenamide. It has the 
following structure: 


SO2NH2 


cl 


MODE OF ACTION 


‘Daranide' is primarily a carbonic anhydrase 
inhibitor; i.e., it interferes with the cata- 
lytic activity of this enzyme, which is 

concerned with the formation of H*+ and HC0,— 

ions and the conservation of base as sodium bicar- 
bonate. Under the influence of 'Daranide' the 
renal excretion of sodium, potassium, and bicar- 
bonate is increased and an alkaline urine is 
produced. However, this compound also has the 
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advantage of causing a definite increase in 
chloride excretion. Partially as a result 

of the greater excretion of chloride, 'Daranide' 
does not produce metabolic acidosis as readily 
as other compounds of this nature. Further- 
more, in animal studies 'Daranide’ has been 
shown to maintain its essential activity over 
the course of weeks or months. 


The compound does not appear to be concentrat- 
ed in gastric mucosa in sufficient amounts 

to influence materially the activity of car- 
bonic anhydrase in this tissue. Thus, in 
dogs, gastric motility or secretion is not 
affected to any significant degree by the 
administration of ‘Daranide'. 


PHARMACOLOGY 


"Daranide' is uniformly and well absorbed 
following its oral administration; it is es- 
sentially as active when given orally as 
parenterally. The enhancement of sodiun, 
potassium, and chloride excretion by the oral 
administration of a single dose is rapidly 
manifested and persists for a number of hours, 
indicating a prolonged duration of action of 
the compound. The urinary pH is elevated as 
the result of sustained bicarbonate excretion. 
However, greater chloruresis and less acidosis 
are induced than with other carbonic anhydrase 
inhibitors, with consequent greater efficacy 
on repeated administration. The natriuretic 
effect of 'Daranide' has been observed even 
after 10 weeks of continued administration to 
dogs. The activity of 'Daranide’ is not im- 
paired in the presence of an acid urine such 
as that accompanying the administration of 
ammonium chloride. 


‘Daranide' has a low inherent toxicity when 
administered orally or parenterally to labora- 
tory animals. The compound has been given 
orally to dogs and rats over a period of at 
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least six months with essentially no evidence 

of toxicity. Pharmacologic investigation 
indicates an absence of irritating effect on 

the mucosa of the eye as demonstrated by a 

lack of local anesthetic activity or irri- 

tation when a l per cent concentration of the drug 
(suspended in tragacanth) is instilled into the 
conjunctival sac of the rabbit eye. 


CLINICAL EVALUATION 


Effect on Intraocular Tension 


Studies in humans have demonstrated that 
‘Daranide' administered orally reduces intra- 
ocular pressure in both glaucomatous and 
nonglaucomatous eyes. The onset of action 
following a single dose is within an hour and 
maximal effect is observed within two to four hours. 
The lowered intraocular tension is maintained for 
approximately six hours. It has been possible 

to control excessive intraocular pressure in 
patients with glaucoma for a period of many 
months by the daily combined use of 'Daranide' 
and miotics. Tonographic studies have shown 

that "Daranide’ lowers intraocular pressure by 
inhibiting the formation of aqueous humor in 
normal as well as in glaucomatous eyes. 


Effect on Electrolytes 


In the human as in the laboratory animal, 'Daranide' 
enhances the excretion of sodium, potassium, bicar- 
bonate, and water. An increased chloride excretion 
greater than that following the use of other car- 
bonic anhydrase inhibitors is also observed with 
‘Daranide'. This enhanced excretion of chloride 
explains, at least in part, the continued efficacy 
of "Daranide' with repeated administration and the 
lesser propensity for the development of metabolic 
acidosis. 


As is the case with all carbonic anhydrase inhib- 
itors, 'Daranide’' in high doses causes some 
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decrease in renal blood flow and glomerular 
filtration rate. 


INDICATIONS 


"Daranide’ is indicated for oral treatment 
of various types of glaucoma: 


chronic simple (wide angle) glaucoma 

acute congestive (narrow angle) glaucoma 

chronic congestive glaucoma 

secondary glaucoma (acute phase) 

preoperative control of intraocular 
tension of glaucoma 


DOSAGE 


The usual adult dosage range is from 25 to 50 mg. 
(% to 1 tablet) once to three or four times 
daily. Dosage must be carefully adjusted to 
meet the requirements of the individual patient. 


Therapy with 'Daranide’ is usually most success- 
ful when employed in conjunction with miotics 
such as pilocarpine, physostigmine, 'Floropryl' 
(isoflurophate), or ‘Carcholin'’ (carbachol). 

In acute congestive glaucoma, 'Daranide,' with 
miotics, should be administered promptly in an 
attempt to bring about rapid reduction of 
intraocular tension. If this is not quickly re- 
lieved, surgery may be mandatory. In chronic 
congestive glaucoma, surgery may be neces- 

sary if the intraocular tension is not brought 
successfully under control after an adequate trial 
period of therapy with ‘Daranide'’. 


PRECAUTIONS 


Since 'Daranide’ is a carbonic anhydrase inhibi- 
tor, certain side effects characteristic of this 
class of compounds will occur, particularly in 

the higher dosage ranges. These effects may in- 
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clude anorexia, nausea, vomiting, nervousness, 
lassitude, depression, confusion, disorientation, 
sedation, dizziness, ataxia, tremor, tinnitus, 
paresthesias, and pruritus. Fortunately, the 
therapeutic amount of 'Daranide' required for 
most patients is well beneath the level that 
will produce these effects. When they do occur, 
reduction of dosage or temporary discontinuance 
of the drug is indicated. 


It is essential to keep a close check on the 
electrolyte balance of the patient during ther- 
apy with 'Daranide', as with patients on any 
other carbonic anhydrase inhibitor. 


SUPPLIED 


*"Daranide’ Tablets, 50 mg., bottles of 100 and 
1000. 
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*‘Daranide', 'Floropryl' and ‘Carcholin' are 
trademarks of Merck & Co., Inc. 
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OPHTHALMIC 


SUSPENSION 1% 


no sting ...Just drop on eye...spreads in a wink! Provides unsur- 
passed antibiotic efficacy in a wide range of common eye 
infections...dependable prophylaxis following removal of 
no smear foreign bodies and treatment of minor eye injuries. 


SUPPLIED: 4 cc. plastic squeeze, dropper bottle containing 
no cross ACHROMYCIN Tetracycline HCI (1%) 10.0 mg., per cc., sus- 
pended in sesame oil...retains full potency for 2 years 


on tamina tion without refrigeration. 


*Reg. U.S. Pat. Off. 


Cderte} LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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(AND RONLADY) 


IN SHEER COLORS 


SHEER BEAUTY for your 
gest, prettiest patients 


look younger and pre 
with either Ronlady or 
Ronlady Clear Bridge, now 

in the soft new Sheer Brown, 
Sheer Blue and Sheer Grey . . . 


Because they’re translucent, 
the light sheer colors blend 
becomingly with any 
complexion. And, in the 
“perfect” shape with keyhole 
bridge, and in thirteen sizes 
—18 to 22 (24 in 48 eye), 

42 to 48, and with both 
Slipper and Taper Temples 
to match, both 
: Ronlady and 

f Ronlady Clear 
| Bridge can be 
fitted to almost 
everyone. 
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RONDEAN 
Clear Bridge 


YOUTHFUL APPEARANCE 
characteristic of the clear 
bridge is now combined with 
the contemporary masculine 
styling of Rondean. Its bold, 
substantial look and wider 
temples contrast effectively 
with clear bridge lightness . . . 


In the three popular 
“briar” colors—Golden 
Briar, Briar Grey 

and Black Briar . . . fifteen 


s—18 to 24 in 44, 46 


. .. with modified key 
bridge . . . 7-barrel Academy 
(shown) or paddle-type 
Imperial Temples, Rondean 
Clear Bridge’s fitting features 
match its good looks. 


SHURON OPTICAL 
COMPANY, INC. 
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A FORMULA 
FOR 

UNUSUAL 
EFFECTIVENESS 


OPHTHALMIC SUSPENSION 


= Subdues tissue inflammation 
and exudation 

® Reduces local edema, allays 
irritation 

® Rapidly improves the appear- 
ance of the eye 

® New container minimizes 
hazard of “treatment-induced” 
infection 

® Response to therapy is rapid, 
usually within 24 to 48 hours; 
the patient is generally 
symptom-free in 5 to 7 days. 


The complete Prednefrin 
formula combines prednisolone acetate 
0.12%, phenylephrine HCl 0.12%, 
methylcellulose 0.12%, in a.sterile, 
buffered base —for effective control 

of inflammatory and allergic conditions 
of the eyelids, conjunctiva, cornea, sclera, 
uveal tract, and following thermal or 
chemical burns. 


Dosage: / or 2 drops in the affected new 
eye two to four times a day. : 
im § cc. 
all-plastic 
dropper bottles 


ALLERGAN CORPORATION tes angetes 17, California 
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tating to eye. 


*The solubility of HYDELTRASOL— 
prednisolone 21-phosphate as the 
monosodium salt—15 675 mg. cc. of 
over 2000 times more soluble than 
prednisolone or hydrocortisone 


STERILE OPHTHALMIC SOLUTION 


(prednisolone 21-phosphate with neomycin sulfate) 


2000 times more soluble than prednisolone 


e free of any particulate matter capable of or 


injuring ocular tissues. hy dro co rtison é 


* uniformly higher effective levels of pred- 


nisolone 
SUPPLIED: Sterule Ophthalmic Solution NEO-HYDELTRASOL 0.5% (with neomycin sulfate) 
and Sterile Ophthalmic Solution HYDELTRASOL 0.5%. In 5 cc. and 2.5 ce. dropper vials. Also 
available as Ophthalmic Ointment NEO-HYDELTRASOL 0.25% (with neomycin sulfate) and 
Ophthalmic Ointment HYDELTRASOL 0.25%. In 3.5 Gm. tubes. M E RC K S HARP & D 0 H M E 
HYDELTRASOL and NEO-HYDELTRASOL are trade-marks of Merck & Co., Inc, Division of MERCK & CO., Inc., Philadelphia 1, Pa. 
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Our first step was to have the temple itself designed 
for maximum beauty and comfort. After deciding on 
the basic temple design, our engineers designed a 
high-fidelity hearing unit especially to fit into this 
temple. 

Note how reversing the usual procedure of design- 
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in unsurpassed concealment, fit and hearing fidelity. 


e Beautifully designed, neat temples for maximum 
concealment. Notice the trim, sleek, tapered sil- 
houette of PRESCRIPTION temples. Both men and 


women can enjoy greater self-confidence without 
feeling that their hearing loss is conspicuously 
exposed. 


e Completely-adjustable temples for greater comfort. 
Doctors can prescribe these with assurance that 
proper optical fit can be obtained. PRESCRIPTION’S 
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glasses. 
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Without spectacles, distance acuity is 
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image size is reduced, the frames 
restrict the field of view, and 

the cosmetic appearance is impaired by 
both the myopic rings of the lenses 
and the smaller appearance of the eyes 
when viewed by others. 


The contact lens offers a more normal 
image size due to its location: 

the field of view is retained since the 
lens moves with the eye position; and 
the cosmetic appearance is no longer 
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distance acuity, the contact lens enables 
the patient to have corrected vision 
with more natural good looks. 
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Vergence and Accommodation 


I. Can Change in Size Induce Vergence Movements? 


MATHEW ALPERN, Ph.D., Ann Arbor, Mich. 


Of the many factors which influence 
vergence movements (tonicity of the extra- 
ocular muscles, distance of the fixated ob- 
ject,! concave lenses and accommodation,’ 
prisms,* and disparity, among others) tar- 
get size has perhaps been given the least 
experimental attention. In an important 
analysis of this problem Ittelson and Ames 
found that an increase in both vergence and 
accommodation was associated with an in- 
crease of the image of a playing card pro- 
jected (with a Clason projector) on a screen 
40 cm. in front of the observer's eyes.® It 
was soon pointed out, however, that the 
measured changes in vergence might only 
be pure accommodative vergence associated 
with the changes in accommodation.* Are 
changes in target associated with 
changes in vergence when all other relevant 
variables (including the accommodation 
posture of the eyes) are held fixed? 


size 


Method 


The experiment was essentially a modi- 
fication of the original Ittelson-Ames ex- 
periments. The target size was varied by a 
variable-focus (Clason) projector which 
formed (from behind) an image on a 
ground-glass screen 40 cm. from the ob- 
server's eye, which was on the other side of 
the screen. The edges of the ground glass 


Submitted for publication Feb. 17, 1958. 
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were outside the field of view, and the room 
was otherwise dark. The detailed descrip- 
tion of the arrangement may be found by 
consulting the Ittelson-Ames paper. Only 
one eye viewed the target, and the accommo- 
dation and vergence (phoria) were meas- 
ured by two stigmatoscopes mounted as 
Badal optometers on the arms of a haplo- 
scope with one-half silvered mirrors in the 
manner described in an earlier paper.* 


Ten normal young adult male college stu- 
dents served as observers. The observer 
fixated the square target, which was one of 
three different sizes (2.5 cm., 4.2 cm., and 
11.2 cm. on each side, respectively). Five 
simultaneous measurements were made of 
the accommodation and vergence, and the 
target size was changed to one of the other 
sizes and the process was repeated. The 
process was repeated a third time for the 
remaining size. This entire routine was then 
repeated, each time with a different lens be- 
fore the eye. The lenses used were plano, 
+1.00 D., —1.00 D., +0.50 D., and —0.50 
D. The target consisted of a square test 
chart containing rows and columns of test 
letters all of which had the same size.* 


*It should be pointed out that the Ittelson-Ames 
procedure of using a Clason projector has the 
inherent difficulty that changes in size are asso- 
ciated with changes in luminance. Since it seemed 
important to repeat their experiment as carefully 
as possible, this is also true in the present experi- 
ment. In the present experiment the smallest tar- 

(Footnote continued on following page) 
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TABLE 1.—Accommodation Responses 


Mean Accommodation 
Stimulus Minus 
Accommodation Response, 
Diopters 


Mean Convergence 
with Accommodation 
Held Fixed, Degrees 


7.13 0.389 
7.54 0.344 
7.83 0.372 


The mean of the five measurements for 
each observer under each test condition was 
plotted on a graph showing accommodation 
vs. vergence. For each target size the suc- 
cessive points were connected by a straight 
line, and so no theoretical assumptions were 
made regarding the relation between ac- 
commodation and vergence. The vergence 
for a fixed accommodation level was ob- 
tained for each target size at four different 
accommodation levels equally distributed 
throughout the graph. The mean of these 


sociated with significant increased vergence, 
just as in the Ittelson-Ames experiment. 
These changes, however, are small, aver- 
aging only about 1/\ (large to small), which 
is a little more than one-third the mean 
value of 2.754 found in their experiment. 
This suggests that about two-thirds of the 
increase in vergence that they found was 
probably due to the accommodative vergence 
associated with an increase in accommoda- 
tion. To some extent, the present results 
show that the larger targets are also associ- 
ated with increased accommodation, but none 


TasLe 2.—Differences Between Means 


Convergence 
Means Difference 


0.41 
0.70 
0.29 


<0.02 
<0.02 
Not significant 


Accommodation 
Means Difference 


0.046 
0.018 
—0.028 


Not significant 
Not significant 
Not significant 


measurements for all accommodation levels 
and all observers is plotted in Table 1. The 
accommodation responses for all five stim- 
ulus levels and each target size and each 
observer were deducted from their respective 
stimulus levels, and the means of these 
data are also given in Table 1. The dif- 
ferences between these means were statis- 
tically analyzed, and these results are 
summarized in Table 2. 

Clearly, changes in target size can produce 
changes in vergence, even when accommoda- 
tion is held fixed. The larger sizes are as- 


get size was 215 foot-lamberts; the medium target 
size was 163 foot-lamberts, and the largest target 


size was 133 foot-lamberts. Experiments in our 
laboratory indicate that there does not seem to be 
any marked effect of luminance on vergence over 
the very small range of luminance variation of the 
present experiment. 
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of the accommodation measurements differ 
significantly from one another. 

It is, indeed, reasonable that the effects 
obtained by increasing the target size were 
related to an associated decrease in per- 
ceived distance, as most authors arbitrarily 
assume. Ittelson and Ames measured these 
changes in perceived distance, and there can 
be little doubt as to their importance. Never- 
theless, the possibility should not be com- 
pletely overlooked that changes in vergence 
might be induced by change in target size 
independent of change in perceived dis- 
tance. In the present experiments the effects 
on vergence were much more pronounced 
than the effects on accommodation, and it is 
a little difficult to understand how changes 
in perceived distance operate in this way. 
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Target Size N N 
50 
Medium—small 2.48 0.86 
Large—medium 0.58 0.65 
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Vergence and Accommodation 


II. Is Accommodative Vergence Related Merely to the Accommodation Stimulus? 


MATHEW ALPERN, Ph.D., Ann Arbor, Mich. 


When the normal observer fixates with 
one eye from far to near! or suddenly ac- 
commodates through a minus lens,? the oc- 
cluded eye moves nasalward. The basic 
physiology of this synkinesis is still not well 
understood.’ Clinicians seem to be con- 
vinced that the associated vergence is related 
to the accommodative effort, but Christofer- 
son and Ogle* and Ogle* seem to imply 
that the vergence change is related merely 
to the change in the stimulus to accommoda- 
tion. Although the difference between the 
two concepts is clear enough, it is difficult 
to arrive at some concrete experimental pro- 
cedure which would allow one to choose be- 
tween them, largely because of an inability 
to establish an operational definition of ac- 
commodative effort which would be agreea- 
ble to all concerned. Accommodative 
stimulus, on the other hand, can be opera- 
tionally defined, and for the present paper 
it will represent the magnitude of minus 
lens before the subject’s eyes (over and 
above his static refraction) while he fixates 
a target at 6 meters. 

There can be little doubt that there is only 
a single factor involved when accommoda- 
tive stimulus (as above defined) is varied 
at the input. On the other hand, the ex- 
perimental and clinical evidence is that two 
completely different motor responses occur 
at the output end of the system. One way 
of phrasing the question being raised is as 
follows: Does the dichotomy measured at 
the output first make its appearance closer 
to the input or to the output side of the 
system? In addition to its obvious theoreti- 
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cal and clinical importance, the question is 
practical to investigators of the relation of 
the two functions. Is it more important to 
study the relationship between accommoda- 
tive vergence and the stimulus to accommo- 
dation (as Ogle and his colleagues insist) 
or between accommodative vergence and 
the accommodation response (as other in- 
vestigators commonly have done*)? A re- 
lated question, once a reasonable decision 
has been made on the above matter, is how 
much error is involved in estimating the 
magnitude of accommodation vergence re- 
lated to the one factor (say, response) 
when studying only the other (stimulus). 
The present paper will attempt to answer 
only the former question, but a subsequent 
paper in this series will provide some in- 
formation on the latter question as well. 


Method 


As a measurement of accommodative 
response the settings of the Badal optometer 
stigmatoscope, as described in a previous 
paper, were again employed.* The simul- 
taneous measurements of phoria and ac- 
commodation which were carried out in that 
work were also used to obtain the present 
data, all of which were obtained while the 
observer fixated on a well-illuminated Snel- 
len test chart at the other end of the room. 
The accommodation stimulus was varied by 
adding a minus lens before the fixating eye. 
Three simultaneous measurements were 
made of vergence (i.e., phoria) and ac- 
commodation response for each lens. The 
lenses used (above the static refraction) 
were carefully selected, for reasons to be 
discussed in some detail in a subsequent 
paper in this series. They were —1.00, 
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—2.00, —3.00, —4.00, —4.50, —3.50, 
—2.50, and — 1.50 and were used routinely 
in that order. Twelve young adult observers 
served as subjects. In all but two of these, 
the experiments were repeated a second 
time. 


Results 


For each observer the correlation coeffi- 
cient between vergence and accommodation 
response was determined when the variation 
in vergence with accommodation stimulus 
was partialled out. If the variation in ac- 
commodative vergence were related only to 
changes in the stimulus, then one would an- 
ticipate an equal number of positive and 
negative partial correlation coefficients, On 
the other hand, if accommodative vergence 
were related to the accommodation response 
then it would be expected that the partial 
correlation coefficient would show a sig- 
nificantly higher frequency of positive than 
negative values. The rationale for these 


statements rests with the fact that the ac- 
commodative response will rarely if ever 


correspond precisely to the stimulus. Theo- 
retically, if a highly precise method for 
measuring accommodation response were 
available, the synkinesis of vergence and 
accommodation response would lead one to 
expect very high positive partial correlation 
coefficients. Unfortunately, stigmatoscopy, 
while undoubtedly as accurate a method of 
measuring accommodation as is available, is 
still notoriously crude.* Errors of measure- 
ment would tend to reduce the size of the 
positive correlation obtained, and if the 
techniques were sufficiently poor it is possi- 
ble that no correlation would be found even 
though the accommodation response and 
vergence varied harmoniously together. 
The Table gives the results of the present 
analysis. Clearly, these results show a much 
higher frequency of positive partial correla- 
tion coefficients (19) than negative ones 
(3). The possibility that such frequency 
would occur by chance when there was no 
relation between response and vergence 
(other than that relating each of them to 


Alpern 


Partial Correlation Coefficient Accommodation 
Response 


US. 
Convergence with the Accommodative Stimulus 
Partialled Out 


* Significant at 0.05 level. 


the stimulus) can be determined from the 
binomial test. This probability is smaller 
than 0.001. 


These results suggest that the accommoda- 
tive vergence follows the changes in ac- 
commodative response even when _ the 
accommodative stimulus remains fixed. In 
studying the relation between vergence and 
accommodation, therefore, one should at- 
tempt to relate the eye movement to the 
change in accommodation response rather 
than merely to the change in the stimulus. 
These results suggest, further, that the 
clinical practice of regarding the accom- 
modative vergence as related to the accom- 
modative effort may serve as a useful way of 
regarding the synkinesis (difficult as the con- 
cept of accommodative effort is to define in 
an operational way). In a subsequent paper 
the attempt will be made to show how the 
relationship between the variables involved 
in the synkinesis can be quantified. 
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A Preliminary Report on the Self-Sterilizing 
Property of Vitreous 


HOWARD REED, M.B.; J. C. WILT, M.D., and GEORGE TUSHINGHAM, A.I.M.L.T., Winnipeg, Man., Canada 


In retinal detachment surgery it is essen- 
tial to ensure close apposition between the 
detached retina and the adjacent choroid 
and sclera. Adequate drainage of the sub- 
retinal fluid is first necessary to permit this 
apposition. In order to maintain it, air, 
saline, cerebrospinal fluid, and other sub- 
stances have been used. Unfortunately, 
these substances are all absorbed within a 
few hours or days. Shafer’s introduction 
of the use of vitreous** for this purpose 
has the merit that vitreous is not absorbed, 
so that it acts as a permanent internal splint 
bracing the retina against the choroid and 
sclera. 

Vitreous contains protein and should 
serve as an excellent culture medium. It is 
at body temperature and contains no blood 
vessels able to transmit antibodies and in- 
flammatory cells to the site of infection with 
rapidity. It has, therefore, always been 
considered to have a low resistance to in- 
fection. 


Since Shafer’s first report in 1955 we 
have used vitreous for implantation in a 
number of cases of retinal detachment. Dur- 
ing this time the danger of intraocular in- 
fection from this procedure has been a 
constant anxiety. This danger was stressed 
by Pischel * in the discussion ‘at the Amer- 
ican Academy of Ophthalmology in Oc- 
tober, 1956, and by Suie and Sroufe® in 
recent correspondence. We have been ob- 
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taining our vitreous by aspiration from 
cadaver eyes, using a No. 18 needle, and 
we have felt that this involves a greater 
danger of infection than when the vitreous 
is obtained from eye-bank material. 

Shafer * mentioned that if vitreous is in- 
fected with hemolytic streptococci and 
staphylococci and stored at 40 F (4 C) it 
becomes sterile. We, too, had noticed that 
on two occasions infected specimens which 
were not thrown away were found to be 
sterile several weeks later when cultured 
again. This observation interested us, and 
since then experiments have been carried 
out to determine the extent of this self- 
sterilizing property. Our experiments have 
been delayed by the slow supply of vitreous, 
but we feel that our findings are sufficiently 
unexpected to justify a preliminary publica- 
tion. 


Experiment 1 


In the first experiment the following test 
organisms were inoculated into separate 
samples of human, dog, and rabbit vitreous : 
(1) Staphylococcus pyogenes, (2) Strepto- 
coccus pyogenes, (3) Escherichia coli, (4) 
Pseudomonas aeruginosa (Bacillus pyo- 
cyaneus), (5) Proteus vulgaris (Bacillus 
proteus), and (6) Bacillus subtilis. 

Overnight cultures of these organisms on 
blood agar were suspended in sterile isotonic 
saline. The number of organisms was es- 
timated by comparison with Brown’s opacity 
tubes, and appropriate dilutions were made 
to give working suspensions of 100,000,000 
organisms per milliliter. 

Six tubes were prepared, each containing 
0.5 ml. of human vitreous which had 
previously been cultured and found sterile. 
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Taste 1.—Results of Cultures 


Time After Ps. B. 
Inocula- E. <Aeru- Pro- Sub- Con- 
tion, Days Staph. Str. Coli ginosa teus _ tilis trol 
Human vitreous 
Viability 

test + + + + + + ad 
2 + + _ 
3 - + + + 
7 + ~ 
“4 _ —_ + ate 
Rabbit vitreous 
Viability 

test + + + + + + — 
2 + + + + + + re 
3 + + + + 
6 + + + + 
+ + + + + 
9 + + + 
+ + + + 
2 + —_ + + + + + 
Deg vitreous 
Viability 

test + + + 
2 + + + + + + ver. 
3 + — + 
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9 + + + + 
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Each tube was inoculated with one 2 mm. 
loopful of working suspension, a different 
organism being used for each tube. Six 
tubes of dog vitreous and six tubes of 
rabbit vitreous were treated in the same 
way. 

The tubes were then refrigerated at 4 C, 
and the results of the cultures taken at 
intervals are indicated in Table 1. 

Three interesting findings emerged from 
the first experiment. 

1. Streptococci disappeared rapidly from 
the vitreous of all three sources, presumably 
because it is a delicate organism demanding 
special conditions for growth. 

2. Rabbit and dog vitreous did not appear 
to possess self-sterilizing properties to the 
other test organisms used. 

3. Human vitreous appeared to be able 
to sterilize itself when stored at 4 C to all 
the organisms except the spore-forming 
organism B. subtilis. 

Experiment 2 

Human vitreous was obtained from post- 
mortem material. After checking for steril- 
ity, it was pooled. 
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TABLE 2—Concentrations of Organisms Used in 
Experiment 2 


Saline or Bacterial 
Tube Distilled Suspension, 
No. Water, M1. Mi. Organisms/M1 
1 0 10 2,000,000 
2 0.8 0.2 400,000 
3 08 0.2 80,000 
4 0.8 0.2 16,000 
5 0.8 0.2 3,200 


Overnight cultures on blood agar were 
made of the following organisms: (1) 
Staph. pyogenes, (2) Str. pyogenes, (3) E. 
coli, (4) Ps, aeruginosa, (5) B. subtilis. 

Growths from the above cultures were 
suspended in sterile isotonic saline. The 
culture of streptococci was the only excep- 
tion, and this was suspended in sterile 
distilled water. The numbers of bacteria 
in these suspensions were estimated by 
comparisons against Brown’s opacity tubes, 
and suitable dilutions were made to give a 
concentration of 2,000,000 organisms per 
milliliter. 

From this working suspension, fivefold 
dilutions were made to give the concentra- 
tions shown in Table 2. 

With use of a pipette, calibrated to 
deliver 50 drops per milliliter, and starting 
at Tube 5, one drop from each of the above 
suspensions was added to a series of tubes 
each containing 1 ml. of sterile pooled hu- 
man vitreous. The approximate concentra- 
tions of organisms per milliliter of vitreous 
are shown in Table 3. The Streptococcus 
proved to be so fastidious that a higher 
concentration was found to be required for 
satisfactory manipulation. 

In order to ascertain the viability of the 
bacteria, 1 drop of each saline dilution was 
cultured on a blood agar plate at the same 
time that the vitreous was infected. Then, 


TABLE 3.—Concentrations of Organisms in 


Vitreous 
Ap 
Bacterial Conc. of Str. 
Tube Vitreous, Suspension, Bacteria/ Pyogenes/ 

No. MI. Ml. Ml. Ml. 
1 10 0.02 40,000 50,000 
2 10 0.02 8,000 10,000 
3 1.0 0.02 1,600 2,000 
4 1.0 0.02 320 400 
5 10 0.02 64 80 
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Fig. 1—The outer zones 
of the plate show the growth 
of bacteria obtained from 
the initial concentrations of 
Staph. pyogenes in saline. 
The inner zones show the 
growth obtained from the 
vitreous in the five tubes 
immediately after infection. 
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to prove that bacteria had actually been 
introduced into the vitreous, one 2 mm. 
loopful of vitreous from each tube was 
planted on the same plate. After overnight 
incubation the control plate showed the re- 
sults illustrated in Figure 1. 

The infected vitreous was placed in the 
refrigerator at 4 C and cultured at inter- 
vals on blood agar with a 2 mm. loopful. 
Cultures were taken every day for the first 
two weeks and then at longer intervals up 
to 28 days. The results are shown in 
Figures 2 to 6. 


Comment 


The experiments indicate that human 
vitreous when stored at 4 C has a self- 
sterilizing property which is lacking in rabbit 
and dog vitreous, at least to the organ- 
isms which we used. B. subtilis appeared 
to be resistant, presumably because it is 
capable of forming spores under adverse 
conditions and these spores resist the action 
of the vitreous. 

Although the high concentrations present 
in Tube 1 of all the organisms persisted to 
the end of the time of observation, this does 
not invalidate the general conclusion that 
organisms tend to die in human vitreous 
stored at 4 C. A concentration of 40,000 
bacteria per milliliter of vitreous or of 50,- 
000 streptococci per milliliter is far greater 
than would ever be obtained by casual con- 
tamination during collection. 
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These experiments fully support the claim 
of Shafer that staphylococci and strepto- 
cocci tend to perish when human vitreous 
is stored at 40 F. We feel, however, that 
those who wish to use vitreous for implan- 
tation should do a 48-hour culture before 
operation to ensure sterility. If the vitreous 
proves to be contaminated, storage for sev- 
eral days will often render it sterile. This 
self-sterilizing property of the vitreous 
should not be taken for granted; a 48-hour 
culture is essential to confirm sterility. 

It is interesting to speculate upon the 
nature of this self-sterilizing property. At 
first we thought it might be due to the fact 
that the bacteria required a certain substance 
in the substrate and that, as this was metab- 
olized, it disappeared and the organism 
perished from its lack. If this were so, high 
concentrations of bacteria would utilize this 
essential substance rapidly and perish more 
rapidly than low concentrations of bacteria. 
In our experiments however, the organisms 
survived longer in high concentrations than 
in low concentrations. It seems that this 
self-sterilizing property may well be due to 
an antibacterial substance which is present 
in human vitreous, but more experiments 
are required to determine its nature. 

Ophthalmologists who wish to use vitre- 
ous in the treatment of retinal detachment 
may do so with greater confidence than 
before, because, contrary to all standard 
teaching, the vitreous is not peculiarly sus- 
ceptible to bacterial infection. It seems to 
be peculiarly resistant to it, especially when 
stored for a few days at 4 C. 


Summary 

Human vitreous appears to have a self- 
sterilizing property when stored at 4 C. 

Dog and rabbit vitreous do not possess 
this property. 

Bacillus subtilis is resistant to the self- 
sterilizing action of human vitreous. 

It is suggested that human vitreous may 
contain an antibacterial substance. 
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The Pathology Departments of the Winnipeg 
General, Deer Lodge, and Princess Elizabeth Hos- 
pitals gave help in obtaining the supply of vitreous. 


Winnipeg Clinic, St. Mary’s and Vaughan (1). 
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Calcium Oxalate and Calcium Phosphate Crystals 


in Detached Retinas 


DAVID G. COGAN, M.D.; TOICHIRO KUWABARA, M.D.; JEREMIAH SILBERT, M.D.; HAROLD KERN, D.Sc.; 
VIRGINIA McMURRAY, Ph.D., and CORNELIUS HURLBUT, Ph.D., Boston 


Crystals of a characteristic type occur 
occasionally in detached retinas (and rarely 
in nuclei of cataractous lenses). To our 
knowledge, they have been described only 
once previously (Johnson'). They were 
then identified by microincineration as 
calcium oxalate. A passing reference had 
been made to them in a prior publication 
(Flocks, Littwin, and Zimmerman”), and 
examples had been collected for some time 
in the files of the Armed Forces Institute 
of Pathology under the tentative heading of 
“protein crystals.” * Our studies, under- 
taken simultaneously and without knowledge 
of these other investigations, led by different 
routes to the conclusion that the crystals 
were both oxalate and phosphate salts of 
calcium.f 

Crystals tentatively identified as calcium oxalate 
(see Adams, D. R.: Brit. J. Ophth. 14:49, 1930) 
have been described in retinas of rabbits poisoned 
with naphthalene. In contrast tc the cases described 
in the present paper, the crystals with naphthalene 
poisoning are found in all layers of the retina 
except the rod and cone layer. 

The biochemical origin and metabolic 
significance of these crystals are obscure. 
They are situated in the outer layers of the 
retina, which suggests some relation to rod 
and cone elements. Rarely are oxalate salts 
found elsewhere in the body, but they have 
been reported in the colloid of normal 
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* Subsequently identified as “calcium oxalate 
precipitates within cystoid accumulations of pro- 
teinaceous exudate” (Zimmerman 

+ First reported at the meeting of the Ophthalmic 
Pathology Club, Washington, D. C., April, 1956. 


366 


thyroid *® and in various tissues, particularly 
kidney tubules, after ingestion of large and 
lethal amounts of oxalic acid.°* The met- 
abolic process by which oxalate is formed 
in the body is not known. The oxalate 
crystals which occur commonly in the urine 
are thought to be derived from ingested 
oxalate of the diet, but it has been shown 
in the intact rat that oxalates may be derived 
from acetate oxidation,’ and they may be 
derived in vitro from degradation of ascorbic 
acid.§ 

We have seen the crystals in the retinas 
of several eyes, in both children and adults, 
and in a few cataractous lenses. The cause 
of retinal detachment was either inflamma- 
tion or trauma. The lenses containing the 
crystals were all mature or hypermature 
cataracts, thought to be of the senile variety. 

The following observations were made on 
two eyes with retinal detachment, in which 
crystals were particularly abundant. 

The first patient was a 13-year-old boy 
who first developed ocular symptoms at the 
age of 7 years. He was found to have a 
uniocular uveitis characterized by vitreous 
opacities with a grayish membrane extend- 
ing from behind the lens to the lower fundus. 
The Hinton test was negative. Old 
tuberculin failed to induce a skin reaction in 
concentrations of 1:1000. Skull x-rays were 
negative for calcification, and the patient 
had no significant systemic disease or 
symptoms. The eye was eventually enucle- 
ated because of pain. The other eye was 
completely normal. 

The enucleated eye was of normal size 
and, except for an opaque lens, was of 
normal external appearance. On removal of 
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CALCIUM CRYSTALS IN DETACHED RETINAS 


Fig. 1—Cross section 
of eye with abundant 
crystals in outer portion 
of detached retina; X 3.8. 


a superior calotte, the retina was found to 
be completely detached, forming a funnel- 
shaped membrane extending from _ the 
ciliary body to the nerve head. Most con- 
spicuous was a slightly elevated white mass 
in the lower portion of the globe in the 
general region of the pars plana. This 
measured approximately 7 mm. in diameter 
and obviously involved retina, choroid, and 
ciliary body. 

The crystals were situated exclusively in 
contact with the outer portion of the retina 


(Fig. 1). They were clumped in masses 
varying in size from a few micra to 100 to 
200u. Some of these masses were within 
the retina at the former site of the rod and 
cone nuclei and anterior to the outer limit- 
ing membrane (Fig. 2). Others were lying 
just outside the retina but in contact with 
it. They were usually associated with 
cystoid spaces, but at least some of the spaces 
were artifacts resulting from sectioning, 
since the crystals were brittle and had 
obviously torn the retina in places. 


Fig. 2—Crystals (ap- 
pearing as white masses 
in polarized light) within 
retina at former site of 
rod and nuclei; 
x 160. 
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All of the crystals were vividly bire- 
fringent. Their shapes varied from iiny 
spindles clustered together in conglomerate 
masses to large individual crystals with a 
radiate pattern like pieces of pie (Fig. 3). 
Another and much rarer type was in the 
form of large rhomboid plates, also having 
birefringence (Figs. 4A and 4B). 


In unstained preparations the crystals 
were colorless, but in hematoxylin and eosin 
sections they were basophilic throughout, 


Fig. 4A. — Rhomboid 
crystals of calcium phos- 
phate (apatite) adjacent 
to aggregates of calcium 
oxalate (whelewillite) 
< 510. Polarized light. 
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Fig. 3—Two types of 
calcium oxalate crystals. 
The upper mass is a 
conglomerate of small 
spindles. That in the 
lower right consists of 
leaf-like plates in a 
radiate pattern;  X 510. 
Polarized light. Both of 
these types extinguish 
radially. 


or had a yellowish center and blue border, 
or were entirely colorless. 


The crystals had given rise to no in- 
filtration, foreign body giant cells, or other 
significant reaction. The entire retina 
showed a diffuse gliosis compatible with its 
long-standing detachment but no gliosis 
specifically associated with the crystals. 

There were a few noteworthy findings in 
the rest of the eye. The lens was extensively 
calcified and showed considerable capsular 
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Fig. 4B—Same as 
Figure 4A, but with 
prisms rotated through 
90 degrees to show char- 
acteristic extinction of 
the single large crystals 
of apatite. 


proliferation. No crystals were present in 
the lens. The iris and most of the ciliary 
body were not remarkable, but the white 
mass which had been seen in the gross 
specimen was found on microscopy to con- 
sist of fibrous and glial tissue, pigmented 
cells, and a considerable number of crystals. 
It was impossible to identify in this tissue 
the original architecture of the retina or 
uvea. The choroid showed uniform and mild 
infiltration with round cells. 

The second patient with crystals in the 
retina was a 61-year-old man who had been 
struck in the eye 26 years previously. This 
was followed by the development of a 
cataract and seven years later by glaucoma. 
The cataract was removed, and the retina 
was found to be detached. Eventually the 
eye became painful and was removed. 

The eye was of approximately normal 
size. The cornea showed an accessory mem- 
brane with evidence of recent and old bullous 
keratopathy. The posterior half of the 
cornea showed marked hematogenous 
siderosis, and the endothelium was missing. 
Posterior to the cornea was a loose con- 
nective tissue membrane containing blood 
vessels, an occasional coil of hyaline mem- 
brane, pigment, and blood. The iris was 
much attenuated, infiltrated with plasma 
cells, and fibrosed. Behind the pupillary 
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membrane and iris was retinal tissue which 
had undergone such extensive gliosis that 
the basic architecture was not visible. The 
retina was attached to the disc and had 
undergone considerable gliosis. The outer 
layer of the retina, that is, the part corre- 
sponding to the sites of the former rods and 
cones, had a moderate number of clear 
bluish crystals of varying shapes and sizes, 
morphologically identical with those of the 
previous case. These had not given rise to 
reactive gliosis or other local change. The 
ciliary body and choroid were normal except 
for being attenuated. The pigmented epithe- 
lium was normal except for some prolifera- 
tion and drusen formation. 


Histochemistry 


The following histochemical observations 
were made on the first case. 


Solubility —The crystals were not affected 
by immersion for several days in alcohol 
and ether or by transient exposure to the 
organic solvents (including xylene) which 
were used in the process of dehydration and 
embedding in celloidin. In 0.1 N HCl the 
crystals began to disappear within 1 minute 
and were completely gone within 20 minutes. 
The crystals were soluble over a wide range 
of hydrogen ion concentration but were less 
soluble as the pH increased. This was 
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interpreted as indicating that the crystals 
were ionizable and was compatible with the 
assumption that they were metallic salts. 
Subsequent tests were directed to separate 
identification of anion and cation. 

Tests for Anion—The crystals were 
thought not to be carbonate, since exposure 
to 1 M HC! did not result in perceptible gas 
formation. They appeared for the most part 
to be insoluble in 1 M acetic acid, and so 
they could not be exclusively phosphates. 
Tests for oxalate were carried out on 
crystals which had been dissected out by 
means of micromanipulation and on isolated 
pieces of retina not containing crystals. 
Controls included tests on chemically pure 
crystals of known calcium oxalate. 

The tests were carried out on a spot plate 
according to the technique described by 
Feigl in which the oxalate was reduced 
to glyoxalic acid by zinc and then treated 
with phenylhydrazine in the presence of 
hydrogen peroxide. A distinctly red color, 
said to be specific for oxalates, occurred 
with crystals from the retina or with known 
calcium oxalate but not with portions of 
retina containing no crystals. The test was 
accepted as evidence that the major anionic 
component of the crystals was oxalate. 
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Test for Cation—One would expect 
insoluble oxalate crystals in biological tissue 
to be the calcium salt, and the observed 
basophilia of some of the crystals was 
compatible with such an assumption. The 
von Kossa stain, commonly used for the 
detection of calcium in tissues, was strongly 
positive for some of the crystals. However, 
this reaction, in which the cation is replaced 
by silver, depends on the presence of an 
appropriate anion ¢ and not on the presence 
of calcium per se. The murexide test, which, 
as described by Kaufman and Adams,§ 
forms colored chelates with calcium, im- 
parted no color to the crystals when the test 
was applied to tissue sections. However, 
when the murexide test was performed on 
all of the crystals which could be excised 
by micromanipulation from a half dozen 
sections, a positive result was obtained. The 
conclusion drawn from this was that the 
cation was calcium but that it was not present 


In separate experiments, one of us (T. K.) has 
found that ammonical silver nitrate promptly 
blackens calcium carbonate and calcium oxalate but 
only slowly blackens calcium phosphate. 

§ This test was carried out for us by Herbert 
Kaufman according to a technique he has de- 
scribed.™ 


Fig. 5.—Diffraction patterns (powder technique) of known calcium oxalate crystals 
(whelewillite) in top picture, crystals from retina in middle picture, and known calcium phos- 
phate crystals (apatite) in bottom picture. While the pattern produced by the retinal crystals 
is closely similar to that of the oxalate crystals, there is a faint grainy line, indicated by the 
arrow, which is not accounted for by oxalate but does correspond to the strong line of 
phosphate. It would thus appear that the retinal crystals consisted predominantly of calcium 


oxalate with a small component of phosphate. 
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in sufficient amount to give a positive 
murexide test in tissue. 


X-Ray Diffraction 


Definitive identification of the crystals in 
both specimens was made by x-ray diffrac- 
tion. Portions of retina containing the 
crystals were embedded in a collodion spindle 
and subjected to standard x-ray powder 
technique. This resulted in patterns that 
were easily identified as monohydrated 
calcium oxalate. In addition, a faint line 
characteristic of apatite indicated the 
presence of calcium phosphate. The “graini- 
ness” of this line and its relative intensity 
indicated that the responsible calcium phos- 
phate was present in the form of fairly 
coarse granules and in relatively small 
amounts in comparison with the calcium 
oxalate. 


Conclusions 


Birefringent crystals are occasionally 
found in the outermost portions of detached 
retinas (and occasionally in the nuclei of 


cataractous lenses ). 

Chemical and x-ray diffraction studies 
of the retinas of two such cases showed 
them to be predominately monohydrated 
calcium oxalate with a smaller amount of 
calcium phosphate. 

Although these crystals have a character- 
istic topical distribution, their metabolic 
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significance is totally obscure. Deposition of 
calcium oxalate crystals elsewhere in the 
body is rare. 


243 Charles St. (14). 
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Calcium Oxalate Crystals Within Ocular Tissues 


A Clinicopathologic and Histochemical Study 


LORENZ E. ZIMMERMAN, M.D., and FRANK B. JOHNSON, M.D., Washington, D. C. 


For a number of years, pathologists at the 
Armed Forces Institute of Pathology had 
recognized nonstaining anisotropic crystal- 
line deposits within certain ocular tissues 
and had recorded the lesions in which they 
occurred under the tentative heading of 
“protein crystals” in the Registry of Oph- 
thalmic Pathology. The chemical nature of 
the crystals, however, remained unknown. 
We became curious about them early in 
1954, when the studies to be reported herein 
were initiated. A new histochemical pro- 
cedure devised by Johnson’ furnished 
strong presumptive evidence that they con- 
tained calcium oxalate. The occurrence of 
these deposits was recognized in two main 
types of cases, one of which was phacolytic 
glaucoma. Hence, brief mention was made 
of their presence in the sclerotic nuclei of 
Morgagnian cataracts in the paper on pha- 
colytic glaucoma by Flocks, Littwin, and 
Zimmerman.” 

Independently, and without knowledge of 
our interest in these crystals, Dr. David G. 
Cogan and his associates at the Howe 
Laboratory in Boston discovered identical 
crystals in an eye obtained from a 13-year- 
old boy who had a six-year history of uveitis 
which progressed to retinal detachment and 
secondary glaucoma. Cogan presented this 
case at the April, 1956, meeting of the 
Ophthalmic Pathology Club, at which time 
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the results of our own studies were also 
reported. Subsequently Cogan and co- 
workers * observed these crystals in other 
cases and by means of chemical and x-ray 
diffraction studies identified them in at least 
two instances as consisting predominantly 
of monohydrated calcium oxalate with a 
smaller amount of calcium phosphate. 

The crystals as found in ordinary tissue 
sections are characterized by their insolu- 
bility in aqueous formalin, alcohol, and such 
fat solvents as are used in the preparation 
of celloidin and paraffin sections; by their 
lack of staining with hematoxylin and eosin, 
and, most significantly, by their colorful 
birefringence under polarized light. That 
they might represent calcium oxalate was 
first suspected because of their similarity to 
the birefringent crystals found in cases of 
oxalosis ** and ethylene glycol poisoning ® 
and to the calcium oxalate crystals in the 
thyroid gland described by Richter and Mc- 
Carty." 

Clinically and histopathologically the cases 
in which these calcium oxalate crystals have 
been found fall into two main groups. One 
consists of aged patients with Morgagnian 
cataracts; in these cases the crystals are 
found in the sclerotic lens nucleus. The 
other group is composed mainly of young 
persons with long-standing retinal detach- 
ment, usually the result of a penetrating in- 
jury sustained in childhood. In these cases 
the crystals are found chiefly in the outer 
layers of the degenerated retina and some- 
times free in the adjacent  subretinal 
exudate, Similar crystals have not been ob- 
served in normal lenses or retinas or in 
such other ocular tissues as cornea, sclera, 
vitreous, uvea, or optic nerve. 


CALCIUM CRYSTAL WITHIN OCULAR TISSUES 


Identification of Calcium Oxalate 
in Crystals 

The anisotropic crystals in the lens and 
retina, like those which form in other tis- 
sues in a wide variety of conditions, are 
not pure crystals. Therefore, they cannot 
be identified by conventional crystallographic 
methods. The particles of anisotropic ma- 
terial vary greatly in size and shape. The 
finest structures are usually found embedded 
in a mucoproteinaceous colloidal matrix and 
are visualized only with the aid of polarized 
light (Fig. 1). Larger masses are easily 
seen with ordinary transmitted light. Such 
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Fig. 1.—Partial crystal- 
lization has occurred in 
mucoproteinaceous exu- 
dates contained in the 
outer retinal layers. A, 
with ordinary illumina- 
tion most of the crystals 
are not visible; compare 
with same field photo- 
graphed in B with polar- 
light. Arrows 
indicate the anisotropic 
crystals. A. F.I.P. Acc. 
102371; hematoxylin and 
eosin; reduced about 12% 
from mag. X 375. 


aggregates are often shattered and dislocated 
from the tissue during sectioning (Fig. 2). 
Within the crystalline formations, particles 
may appear needle-like, irregularly polyhe- 
dral, or, rarely, plate-like. Spheroidal ag- 
gregations of elongated structures radiating 
from a central point are particularly fre- 
quent, especially in the lens (Fig. 3). With 
polarized light a strikingly colorful bire- 
fringence is observed, the color patterns 
changing as the prisms are rotated. 
Because crystallographic techniques can- 
not be used to identify the principal chemi- 
cal constituent of these impure crystals, 
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chemical and physical methods have been 
applied. As we shall demonstrate, a large 


amount of calcium oxalate 
forms the bulk of these crystals. 
The solubility characteristics of the crys- 
tals in the lens and retina are those of cal- 
cium oxalate. Both are insoluble in water, 
various concentrations of ethyl alcohol, 
chloroform, xylene, alkalis, and weak acids 
with pH above 2.5, but they are readily 
soluble in such strong acids as 1 N HCl 
(pH 0.6). Five tenths per cent periodic 
acid (pH 1.8) dissolves them in the course 
of a few hours, while acids in the pH range 
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Fig. 2.—A, large masses 
of anisotropic crystals 
fill cystoid pockets in the 
retina. Some of the crys- 
tals have been knocked 
out of place during sec- 
tioning. B, without polar- 
ized light the crystalline 
nature of the deposits is 
not apparent. A. F. I. P. 
Acc. 143110; hematoxylin 
and eosin; reduced about 
12% from mag. X 155. 


2.2 to 2.5 (eg., 1 N acetic and 0.3% 
formic) produce little or no dissolution, 
even after 24 hours of treatment. The 
formic acid-sodium citrate decalcifying 
fluid (pH 2.5) which is used in our labora- 
tories does dissolve calcium oxalate slowly 
(12 to 24 hours) even though the pH of 
this fluid is 2.5. This effect is presumed to 
be due to the calcium-binding property of 
citrate ions. The acids which dissolve these 
crystals do so without liberating gas bub- 
bles. Calcium oxalate and the intraocular 
crystals are also soluble in 11% edathamil 
disodium (Versene; ethylenediaminetetra- 
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acetate disodium salt) in pH 8.6 borate 
buffer. 

Because of their solubility characteristics, 
the crystals are well preserved in routine 
hematoxylin-and-eosin-stained sections proc- 
essed with paraffin or celloidin after fixa- 
tion in buffered formalin, Bouin’s, or 
Zenker’s fluids. It is probable that use of 
decalcifying fluids would dissolve these 
crystals, Alcian blue containing 3% acetic 
acid (pH 2.55)'!* does not dissolve the 
crystals, but the colloidal iron procedure for 
acid mucopolysaccharides '*% does so read- 
ily during the Prussian blue reaction,” 
which is carried out at pH 1.5. In the. usual 
periodic acid-Schiff procedure,’ the crystals 
are only slightly affected, since the brief 
exposure (10 minutes) to the periodic acid 
is insufficient to oxidize them completely. 
Alizarin ™ stains the crystals faintly, while 
the murexide test’® and the von Kossa 
procedure '* give extremely weak or nega- 
tive reactions. Results obtained with the 
last three procedures are in keeping with the 
very marked insolubility of calcium oxalate. 
However, upon microincineration at 450 to 
500 C for 20 minutes’ the crystals are 
converted to a white ash which then is 
positive to the von Kossa reaction and stains 
pink to red with alizarin and murexide. 

When the ash remaining at the sites of 
crystal deposition is treated with hydro- 
chloric, sulfuric, or acetic acid, it is promptly 
dissolved, with the evolution of gas bubbles. 
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Fig. 3—Two discrete spheroidal 
crystalline deposits are observed 
within the sclerotic nucleus of the 
Morgagnian cataract shown in 
Figure 4. A, ordinary light; B, 
polarized light. A.F.I.P. Ace. 
hematoxylin and eosin; 


x 3 


If the addition of acid is carried out under 
direct microscopy, it can be observed that 
the gas bubbles emanate precisely from the 
sites where the crystals have been. This 
sequence of events can be duplicated by 
control tests on pure calcium oxalate sus- 
pended in 1% gelatin smeared and dried on 
a glass slide, and it is consistent with the 
property of oxalates of the alkaline earths 
to decompose to carbonate with the evolu- 
tion of carbon monoxide upon heating to 
450 to 500 C.1° When the carbonate thus 
produced is treated with acid, carbon diox- 
ide is liberated. If the acidifying agent 
employed is concentrated sulfuric acid, then 
needles characteristic of calcium sulfate 
(gypsum) may form gradually, indicating 
that the original crystals contained calcium. 
Calcium salts of other dicarboxyllic acids, 
such as succinic, malonic, citric, and maleic 
acids, will also give positive results after 
microincineration, but pretreatment of the 
sections with 2 N acetic acid (pH 2.1) 
would dissolve these compounds, while cal- 
cium oxalate is insoluble. Based upon these 
properties of calcium oxalate, a simplified 
histochemical procedure, outlined in the Ap- 
pendix, has been devised for its identifica- 
tion in tissue sections. 

These anisotropic crystals have also been, 
subjected to electron’? and x-ray diffrac- 
tion 37-1 studies, which have confirmed the 
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_Fig. 4—A Morgag- 
nian cataract which has 
given rise to phakolytic 
glaucoma contains two 
crystalline deposits (ar- 
rows) in sclerotic 
nucleus. These are shown 
at greater magnification 
in Figure 3. A.F.I.P. 
Acc. 502108; hematoxylin 
and eosin; X 8. 


presence of calcium oxalate.* Richter and 
McCarty ® dissected crystals out of the 
thyroid, and these were studied by Dr. I. 
Fankuchen, of the Polytechnic Institute of 
Brooklyn, who identified them as calcium 
oxalate monohydrate. The same compound 
accounted for most of the renal stone ana- 
lyzed in the case of oxalosis reported by 
Neustein, Stevenson, and Krainer.* Cogan 
and his co-workers* also determined the 
presence of oxalate monohydrate in crystals 
obtained from the retinas of their two pa- 
tients by use of x-ray diffraction. Electron 
diffraction may also be used, but this de- 
hydrates the crystals so that the initial pat- 
terns obtained are identical with those of 
anhydrous calcium oxalate. The electron 
beam and high-vacuum system further de- 
composes calcium oxalate to calcium oxide, 
and so the final pattern obtained is different 
from that which was present at the outset. 

In one of our own cases (A, F. I. P. Acc. 
829913) the crystals were dissected out of 
the deparaffinized block of retinal tissue. 
Then they were concentrated and cleansed 
by repeated washings with xylene, absolute 
alcohol, and carbon tetrachloride. After the 
final washing the crystals were dried by 

* Since this manuscript was submitted for pub- 
lication D. L. Edwards has reported the familial 
occurrence of idiopathic oxalosis documented by 
postmortem study of two brothers (4. M. A. Arch. 
Path. 64:546-555, 1957). Johnson’s histochemical 
test? for calcium oxalate was used to confirm the 
presumptive identification of crystals in the kidney 
in one of the two cases. Further confirmation was 
provided by Dr. Lindsay Helmholz, who made x- 
ray diffraction studies. 
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evaporation of the carbon tetrachloride. 
They were then powdered with a small 
quantity of silica gel and placed on a glass 
slide. This preparation was then analyzed 
by x-ray diffraction at the National Bureau 
of Standards, Washington, D. C., by Dr. 
Stanley Block. A Norelco x-ray diffraction 
unit with Geiger tube pick-up was used. 
Comparison of results obtained was made 
with standard tables of x-ray diffraction 
data which indicated the material to con- 
sist of calcium oxalate monohydrate A. 


Lenticular Deposits of 
Calcium Oxalate 


In a previous report? from this labora- 
tory it was indicated that routine sections 
of eyes enucleated because of phacolytic 
glaucoma revealed calcium oxalate crystals 
in the sclerotic nuclear remains in about 
18% of the cases. Usually only a few iso- 
lated deposits were noted, and no attempt 
was made to increase the yield by serial 
sectioning. Furthermore, in a number of 
these cases very little of the nucleus re- 
mained and in several there was complete 
absorption of the lens. Since the publication 
of that report, typical calcium oxalate de- 
posits have been observed in many addi- 
tional Morgagnian cataracts (Fig.4). As a 
result of these observations, an impression 
has been formed that the occurrence of cal- 
cium oxalate deposition in the nuclei of 
Morgagnian cataracts must be very much 
greater than the previously cited incidence 
of 18% would suggest. Contrasted with 
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their frequent occurrence in Morgagnian 
cataracts is the apparent rarity with which 
similar crystals are observed in the much 
commoner traumatic and spontaneous cata- 
racts of other types. 

These calcium oxalate deposits within the 
lens appear identical to those in the retina 
and to those of extraocular tissues encoun- 
tered in such diverse conditions as ethylene 
glycol poisoning, oxalosis, and sarcoidosis.1® 
They are usually found in the more central 
(nuclear) portions of the lens (Fig. 4). In 
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Fig. 5—A, a mature 
cataract associated with 
chronic iridocyclitis and 


extensive posterior syn- 
echia. The dark-staining 
deposits in the anterior 
portion of the nucleus 
(arrow) represent resid- 
ual acid mucopolysaccha- 
ride after the calcium 
oxalate crystals have been 
dissolved by acidification. 
Alcian blue stain; re- 
duced about 10% from 
mag. X 15. B, the same 
area, not treated with 
acid but photographed 
in polarized light, reveals 
the anisotropic crystals 
within the deposits. 

.F.I.P. Acc. 806242; 
hematoxylin and eosin; 
reduced about 10% from 
mag. X 8&0. 


Morgagnian cataracts they are always found 
in what little remains of the solid nucleus, 
never in the liquefied cortex. Typically they 
are very discrete spheroidal deposits from 
100u to 200u in diameter, contained within 
sharply outlined cavities in the homogeneous 
lens protein (Fig. 3). When the crystals 
are dissolved by treating deparaffinized sec- 
tions with normal hydrochloric acid, an 
amorphous residue which stains intensely 
with Alcian blue,"'* or by the colloidal iron 
method for acid mucopolysaccharides,?** 
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Taste 2.—Age at Time of Injury in Twenty-Sex 


Cases in Which Calcium O-xalate Cases in Which Calcium Oxalate Crystals 
Crystals Were Found in Retina Were Found in Retina* 

Cases, 

Injury Cases, No. Age, Yr No. 


* Includes one case of congenitally malformed eye and one in 
which a cataract developed at 4 44 years of age. 


can be seen within these cavities. Some- 
times, particularly in those few cases in 
which the crystals are found in mature 
rather than in hypermature cataracts, the 
deposits are contained in cleft-like spaces 
between degenerating lens fibers (Fig. 5) 
or between the cortex and nucleus. Such 
spaces also are filled with a mucoprotein- 
aceous substance which gives positive reac- 
tions for acid mucopolysaccharide but which 
is not altered by pretreatment of the sec- 
tions by either hyaluronidase or hydrochloric 
acid (Fig. 5). 

The lenses which contain these calcium 
oxalate crystals are characterized by having 
intact capsules, and no inflammatory cells 
have been found within the lens substance. 
Because they are generally contained well 
within the nuclear portions, because the lens 
capsule is ordinarily intact, and because 
mesenchymal or other (nonlenticular) cells 
are typically absent, it seems only logical to 
assume that the calcium oxalate is formed 
in the lens and by the lens, probably as a 
result of altered lens biochemistry. 


TABLE 3.—Age at Time of Enucleation in Twenty- 
Six Cases in Which Calcium Oxalate 
Crystals Were Found in Retina 


Cases, 
Age, Yr. No. 
5 
M4 


* There was no history or definite evidence of injury in four 
cases. 
+ Includes one case of cataract extraction. 


Retinal Deposits of Calcium Oxalate 

Some of the more pertinent clinical data 
concerning 26 eyes which contained retinal 
deposits of calcium oxalate are summarized 
in Tables 1 to 4. It is a striking and un- 
doubtedly significant fact that in all of these 
26 eyes there was evidence of long-standing 
retinal detachment, the result of penetrating 
wounds in 20 cases and contusion in 2 oth- 
ers (Table 1). These injuries had been sus- 
tained early in life, within the first two 
decades in 20 cases (Table 2), but enuclea- 
tion had been postponed for periods of 4 to 
23 years. The median time interval between 
injury and enucleation was 13 years (Tables 
3 and 4). All of the penetrating wounds 
involved the anterior segment, and there 
was consequently much scarring and distor- 
tion of the cornea, iris, lens, and ciliary 
body (Fig. 6). In the majority of cases 
either the lens was missing or only rem- 
nants could be identified. In none of these 
cases were calcium oxalate crystals found 
in the lens as well as in the retina. Con- 
traction of scar tissue formed about the 
TasBLe 4.—Time Interval, Injury to Enucleation, 

in Twenty-Six Cases in Which Calcium 


Oxalate Crystals Were Found 
in Retina 


Cases, 

Time Interval,* Yr. No. 

5 

4 


* Median time interval is 13 years. 
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Fig. 6—Retinal detach- 
ment of 16 years’ 
duration following a pene- 
trating wound of eye. The 
anterior chamber is ob- 
literated; the lens is 
missing, and an ossified 
cyclitic membrane has 
formed. Sites of crystal- 


A.F.1P. Acc. 89794; 
hematoxylin and eosin; 
reduced about 15% from 
mag. X 6. 


injured tissues of the anterior segment pro- 
duced the retinal detachment in most cases. 
There were two cases in which contusion 
was apparently responsible for retinal de- 
tachment and three others in which the 
cause was uncertain. At the time of enucle- 
ation the globe was normotensive in only 
two cases. In 18 it was described as soft, 
atrophic, or phthisical, while in the remain- 
ing 6 it was glaucomatous. 

Many pathologic changes were observed, 
but these were generally sporadic and seem- 
ingly unrelated to the deposition of cal- 
cium oxalate crystals. Fewer than half of 
the globes contained significant hemorrhages 
or hemosiderin deposits, though on occas- 
ion it seemed as if the calcium oxalate 
crystals had formed within an area of old 
hemorrhage. Inflammation was minimal in 
most cases, but there were a few in which 
it was evident that a severe endophthalmitis 
had once been present. Reactive prolifera- 
tion of pigmented and nonpigmented epithe- 
lium, mainly from the ciliary body, was 
observed in the majority. Osseous meta- 
plasia was infrequent. 

The retina was detached and drawn for- 
ward in all cases. Moderate to advanced 
degeneration involved all retinal layers, but 
these changes were characteristically much 
more advanced in the outer layers. Fre- 
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quently, with advanced degeneration, the 
retinal architecture was so altered that spe- 
cific layers could not be outlined. In two 
cases the retina was completely necrotic. 
Complete disappearance of the rods and 
cones had occurred long before enucleation 
in all cases. It was, nevertheless, often pos- 
sible to detect the formation of cystoid 
pockets filled with a mucoproteinaceous 
exudate in the outer layers, and it was also 
evident in many cases that the calcium 
oxalate deposits were localized to the outer 
retinal layers (Figs. 6 to 8). Sometimes 
these had broken free and were found in the 
immediately adjacent subretinal exudate. In 
several cases deposition of these birefringent 
crystals could be seen to have taken place 
within the cystoid exudates of the outer 
nuclear and plexiform layers, for only parts 
of the exudates contained the crystals (Fig. 
1). In such exudates the presence of 
crystalline deposits might not be suspected 
unless they were examined with polarized 
light. Then the crystals would be brought 
out in sharp contrast to the nonbirefringent 
exudate in which crystallization had taken 
place. 

Similar observations were made with the 
aid of histochemical procedures for acid 
mucopolysaccharides. It was evident that 
the calcium oxalate crystals were contained 
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Fig. 8—It is obvious 
that in this case the cal- 
cium oxlate deposits are 
in the outer plexiform 
layer. The and 
cones and their nuclei 
have almost completely 
disappeared, while the in- 
ner nuclear layer is rela- 
tively well preserved. A, 
ordinary illumination; B, 
polarizcd light. A. F. I. P. 
Acc. 176799; hematoxylin 
and eosin; x 150. 
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Fig. 7—The stalk of the de- 
tached retina is outlined by aniso- 
tropic crystals. A. F. I. P. Acc. 
641855; hematoxylin and eosin; 
x 6. A, polarized light; B, or- 


dinary illumination. 
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in a mucoproteinaceous matrix which gave 
very strongly positive results with Alcian 
blue"! or with the colloidal iron method 
for acid Similar 
positive staining was observed in exudates 
which contained no crystals or in which the 
crystals were present in only a portion of 
the matrix which filled the cystoid space. 
Pretreatment of the sections with acid in 
order to dissolve the calcium oxalate crys- 
tals had no effect on the Alcian blue staining 
of the exudates. Hyaluronidase also was 
without effect. Although the specific nature 
and source of the acid mucopolysaccharide 
is unknown, it is conceivable that it may be 
identical to that which normally forms a 
sort of ground substance in which the visual 
cells are imbedded.** The source of the 
oxalate and its possible metabolic signifi- 
cance is unknown to us. It seems likely 
that it would be formed locally, for calcium 
oxalate is so very insoluble at the pH of 
tissues that it could hardly be imagined that 
it would be transported to the retina from 
elsewhere. 


Comment 


The observation in human tissues of 
crystals containing calcium oxalate has been 
made histologically oftenest in four clinico- 
pathologic situations:(@) Renal calculi of 
varied pathogenesis very frequently contain 
calcium oxalate. (b) Patients with oxalosis, 
presumably an “inborn error of metabolism,” 
characteristically have massive deposits in 
the kidney and occasionally a widespread 
distribution of crystals in the bones, bone 
marrow, blood vessels, myocardium, muscles, 
other connective tissues, spleen, thymus, and 
testes. (c) Poisoning by excessive ingestion 
of oxalic acid, oxalates, or ethylene glycol 
has as its most spectacular anatomical mani- 
festation an extensive crystallosis of renal 
parenchyma, but calcium oxalate deposits 
have also been observed in the brain, 
meninges, and lungs. (d) A miscellany of 
lesions exists in which the occurrence of 
calcium oxalate deposits is more inexplicable, 
though seemingly less significant clinically. 
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Included in the last category are the thyroid 
deposits reported by Richter and McCarty,’® 
the sarcoid crystalloids studied at the Armed 
Forces Institute of Pathology by Krainer 
and Johnson, and the lenticular and retinal 
lesions which we have reported here. 

The pathogenesis of calcium oxalate for- 
mation in the first three groups is at least 
partially understood. Calcium oxalate is 
normally present in the urine in a super- 
saturated solution. It is not remarkable, 
therefore, that it should be incorporated in 
a great many renal stones, especially those 
which form in an alkaline urine.’® Oxalosis 
is a consequence of oxalemia. Presumably in 
this “oxalic acid diathesis,” characterized by 
elevated blood levels of oxalate, there is a 
metabolic defect, the precise nature of which 
has not yet been established. In ethylene 
glycol poisoning the ingested liquid is 
oxidized, at least in part, to oxalic acid. 
The formation of calcium oxalate crystals in 
the thyroid, in sarcoid granulomas, and in 
the eye is more mysterious. 

Richter and McCarty,’ whose study was 
based on 443 necropsies from one hospital 
plus examination of 485 thyroids from 
another, reported the presence of anisotropic 
crystals identified as calcium oxalate mono- 
hydrate in 12.4% of thyroids during the 
first three decades and in 58.1% of thyroids 

sm patients 61 to 90 years of age. They 
also observed the absence of crystals in 
hyperplastic glands and in many of the 
nodules of nodular thyroids. Similar aniso- 
tropic crystals were not found in other 
organs. Richter and McCarty concluded that 
the occurrence of the crystals is influenced 
by the state of the thyroid gland, but they 
could offer no explanation as to why such 
a toxic substance should precipitate out in 
the colloid of normal thyroid acini. The un- 
published studies of Krainer and Johnson 
have led to the demonstration that the bire- 
fringent crystalloids observed so frequently 
in association with Schaumann bodies in the 
giant cells of sarcoidal granulomas also 
contain calcium oxalate. Here too, the sig- 
nificance of these deposits remains unknown. 
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The metabolic processes which might ac- 
count for the endogenous production of 
oxalic acid have been the source of con- 
siderable speculation as well as investigation. 
They are reviewed succinctly by Jeghers 
and Murphy.’® Carbohydrates, especially 
glycogen and starches, are considered the 
most important precursors of oxalate, while 
meats rich in connective tissue rank second. 
Aspartic acid, asparagine, glycine, creatinine, 
purines, glyoxal, and glyoxalic acid are all 
said to have increased the formation of 
oxalic acid. Purine and pyrimidine metab- 
olism as well as the citric acid cycle with 
its implicated dicarboxylic acids have also 
been cited as possible endogenous sources. 
In vitro work has also demonstrated that 
bicarbonates may be converted to oxalic acid 
as a result of exposure to B- and y-radia- 
tion.2” In view of all these theoretical pos- 
sibilities, we are reluctant to predict which 
might account for our observed retinal and 
lenticular deposits, though it seems more 
plausible to think in terms of altered carbo- 
hydrate metabolism in these particular tis- 
sues. 


Summary 


Anisotropic crystals have been found 
frequently in the sclerotic nuclei of Mor- 
gagnian cataracts, rarely in cataracts of other 
types, but never in normal lenses. Similar 
crystals form in the outer !avers of retinas 
that have been detached for a long time. 
They have not been observed in the cornea, 
sclera, vitreous, or uvea. 

These crystals are found with ease if 
ordinary histologic sections are scanned with 
the aid of polarizing lenses, and their color- 
ful birefringence permits tentative identifica- 
tion. Histochemical identification is based 
on study of their solubility characteristics, 
with use of deparaffinized sections, and upon 
the liberation of carbon dioxide gas bubbles 
from sections treated with acid after being 
subjected to microinceneration at 450 to 500 
C for 20 minutes. Such heating converts 
calcium oxalate to calcium carbonate, from 
which carbon dioxide gas bubbles are pro- 
duced by acidifying. Crystals teased out of 


382 


A.M. A. ARCHIVES OF OPHTHALMOLOGY 


tissues have also been identified as calcium 
oxalate by electron diffraction and as calcium 
oxalate monohydrate by x-ray diffraction. 

The oxalate is believed to be formed in 
situ and deposited within a preformed 
mucoproteinaceous matrix which remains 
after the crystals have been removed by 
acidifying. This matrix gives an intensely 
positive reaction for acid mucopolysac- 
charides after treatment with hyaluronidase, 
as do untreated sections. 


Armed Forces Institute of Pathology, 6825 16th 
St, N. W. (25). 
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Appendix: Histochemical Test for 
Calcium Oxalate 


1. Deparaffinize section and test solubility 
of crystals in 2 N acetic acid. If they dis- 
solve they are not calcium oxalate and the 
following steps should not be pursued. 

2. Bring paraffin sections in oven to 450 
to 500 C and maintain this temperature for 
20 minutes. Cool slides, cover, and locate 
ash of crystals microscopically. Apply a 
drop of concentrated sulfuric acid to edge of 
cover slip and continue observation of ash. 
When the advancing drop of acid under the 
cover slip strikes the ash containing the de- 
composed crystals, bubbles of gas are given 
off and the ash disappears. 

3. Continue observation and watch for the 
appearance of typical needles of calcium 
sulfate which may gradually form in the 
solution under the cover slip. 

4. Use other microincinerated samples for 
the demonstration of calcium by staining 
with alizarin '* or with murexide test.’ 


Photocoagulation of Iris and Retina 


JAMES E. McDONALD, M.D., Oak Park, Ill., and ARTHUR LIGHT, M.D., Chicago 


The eye offers unique opportunities for 
study of the effects of focused radiant 
energy because of the transparency of the 
media. Because radiation affects only those 
tissues in which it is absorbed (Draper's 
law), visible and infrared rays pass through 
the transparent media of the eye and may 
damage only those tissues which absorb this 
energy—the pigment layer of the iris and 
retina. When a high-powered beam from 
the sun or a carbon arc lamp is focused on 
one part of the iris, the rays can produce 
considerable damage to the iris. By the same 
token, if radiation of sufficient intensity is 
focused by the dioptric media of the eye, 
it passes through the transparent media and 
burns the pigmented layer of the retina, 
where it is absorbed. 

Solar chorioretinal burns caused by 
looking at the sun have been known for 
years.' Many investigators have coagu- 
lated the iris or retina experimentally, utiliz- 
ing the sun or carbon are. Verhof and 
Bell* concentrated the energy from these 
sources by lenses or mirrors. The atomic 
bomb can produce lesions of the retina in 
animals and humans.'®'* Meyer-Schwick- 
erath >*-'* has developed a technique for the 
clinical use of photocoagulation, especially 
to seal holes in the retina. He used an 
overloaded high-intensity carbon arc, which 
gives a spectrum similar to that of the sun. 
Ultraviolet rays were filtered out of the 
beam, leaving principally visible and infrared 
rays. After the pupil had been dilated 
widely, the concentrated beam caused cu- 
agulation at the retinal image of the arc. 
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After a slight modification of his apparatus, 
the iris could be coagulated without diffi- 
culty. Good results were obtained clinically 
in the coagulation of pathologic lesions of 
the retina as well as the iris. 

It was the purpose of our experiments to 
study these effects of concentrated rays on 
the anterior ocular segment and to determine 
whether our apparatus could produce retinal 
photocoagulation. 


Apparatus 

The apparatus consisted of an old Bausch 
& Lomb microprojector, available in most 
departments of ophthalmology. This was 
modified (Figs. 1 and 2) by first removing 
the microscope and stage. The lens in holder 
F was removed, and a glass ultraviolet filter 
was substituted.* The transparent heat- 
resisting filter S, which came with the 
machine, was made almost opaque by paint- 
ing it with India ink, and this was used as 
the shutter of the apparatus. When this 


was in place, enough light passed through it 


* Polished filter No. 3060, 2 mm. thick, obtain- 
able at Corning Glass Works, Corning, N. Y. 
This filter permits less than 0.5% transmission of 
waves of 334 my yet permits more than 40% 
transmission at 405 my and over 85% transmittance 
on waves longer than 490 mg. 


Fig. 1—Bausch & Lomb microprojector. 
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PHOTOCOAGULATION OF IRIS AND RETINA 


Fig. 2.—Modification of Bausch & Lomb micro- 
projector as used for iris coagulation. The 
microscope and stage have been removed. Iris- 
coagulating lens (/C); filter (F); shutter (S); 
focusing cylinder (FC); focusing knob (FK); 
lens holder which is used as diaphragm (A); set 
one (SS); copper-covered high-intensity carbons 
(C). 


so that a subdued image could be focused 
on the iris. When it was removed, the full 
intensity of the beam fell at the point of 
focus. Lens holder A was turned up out of 
the way, and the lens was removed. The 
regular carbons of the arc were changed 
to copper-covered carbons, C, which are 
used in some motion picture projectors. 
These high-intensity carbons give a more 
desirable spectrum than carbons without 
copper covering, producing a spectrum more 
nearly approaching that of the sun. The 
resistor, which comes with the machine, is 
used with ordinary A.C. house current of 
110 volts. Direct current does not seem to 
offer sufficient advantage to compensate for 
the difficulty in obtaining it. For iris coagu- 
lation, the large lens is moved further from 
the arc by removing the set screw (SS) 
and sliding the cylinder (FC) away, in 


order to have a smaller image at the focus 


+A 7 mm. cord “high-intensity” carbon obtain- 
able at H. M. Pitman Co., 3239 S. 51st St., Cicero, 
Ill. 


iris — ot 
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Fig. 3.—Optics of photocoagulation of iris. 
McDonald—Light 


of the system (Fig. 3). For retinal coagula- 
tion the focusing cylinder is moved so that 
its distal edge is flush with the distal edge 
of the holder of the focus knob (FK) and 
the iris-coagulating lens is moved out of 
position. The lens holder A (with lens re- 
moved) is used as a diaphragm when the 
retina is being coagulated (Fig. 4). The 
machine should be tested before initial use 
by placing black paper at the focus of the 
iris-coagulation lens. With the shutter (S) 
in place, the subdued image is seen to be 
about 1.5 mm. in size. The shutter is 
removed from the path of light, and the 
paper should be burned through at the focal 
area in less than one second if the machine 
is working well. 

In its present form the device has been 
used on rabbits only. The eye is anesthetized 
with a topical application of tetracaine 
( Pontocaine) and is proptosed by means of 
a fixation forceps placed on the lid. The 
eye is brought into position at the focus of 
the iris-coagulating lens (JC) with the 
nearly opaque shutter in place. The sub- 
dued image of the arc can be focused on 
the iris. Then the shutter is removed, and 
the iris becomes blackened after one to two 
seconds. Dark-adaptation x-ray glasses are 
used by the operator to eliminate the intense 
glare. The cornea must be kept moist by 
repeated instillation of isotonic saline during 
the entire exposure. As soon as the iris 
lesion appears, the shutter is replaced. At 
the present time, all focusing is done by 
moving the rabbit into position rather than 
by changing the focusing knob (FK) once 
the machine has been initially tested. For 
retinal coagulation the iris-coagulation lens 
(1C) is moved out of position. The dia- 
phragm (lens holder A) is moved into the 
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Fig. 4.—Optics of photocoagulation of retina. 
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path of the rays, and the eye is exposed to 
the almost parallel beam for several seconds. 

The following experiments were done. 1. 
Unfiltrated rays (filter F removed) were 
focused on the iris of pigmented rabbits, 
and the resulting anterior segment changes 
were studied with the slit lamp at periodic 
intervals, photographed, and removed for 
histologic section. 2. The procedure was re- 
peated with the ultraviolet filter in place. 
3. The procedure was repeated with the ul- 
traviolet filter in place in albino rabbits. 
4. Comparison of these anterior segment 
changes with those produced with the simple 
convex glass utilizing solar rays were made 
without benefit of any other apparatus. 5. 
Retinal lesions were produced through 
widely dilated pupils to estimate roughly the 
potentiality of this apparatus for photo- 
coagulation of the retina. 


Results 


Unfiltered Rays—Unfiltered rays from 
the machine were concentrated on the irides 
of 20 pigmented rabbit eyes with an average 
of two applications per eye, making a 
total of 40 applications. Sixteen of these 
were produced by plain carbons; the other 
twenty-four were produced by the high- 
intensity copper-covered carbons. 

Plain Carbons: With the unfiltered plain 
carbon electrodes and without the cornea 
being kept moist, the cornea developed a 
superficial opacity after five to seven seconds. 
This consisted of a white superficial cir- 
cular blanching of the epithelium in the area 
of the focused beam, surrounded by a less 
dense halo diffusing out from the periphery 
of the lesion. Sometimes the periphery was 
whiter, in which cases the center was de- 
pressed, as if the absorbed energy was so 
great as to cause complete destruction and 
explosive loss of the epithelium centrally. 
The stroma was uninvolved. Iris lesions 
were difficult to examine because of the 
corneal opacity. Lens opacities were also 
regularly produced and in many cases could 
be seen only after dilatation of the pupil. 
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These lesions of iris and lens were similar 
to those produced by other techniques 
described below. Because the later techniques 
did not produce dense corneal opacities, the 
iris and lens lesions will be more fully 
discussed below. 


High-Intensity Carbons: Unfiltered high- 
intensity carbons were utilized on 24 pig- 
mented rabbit eyes, and the cornea was 
constantly moistened with saline during the 
application. In one to two seconds iris 
lesions were produced. Only 5 of the 24 
attempts were associated with a mild corneal 
epithelial opacity, similar to but smaller and 
less severe than those produced by the plain 
carbon electrodes. At threshold doses, the 
first lesion consisted of an immediate dark- 
ening of the iris in the small focused area, 
approximately 1 mm. or less in size. This 
was best seen with the x-ray adaptation 
glasses. The central part was pigmented and 
was surrounded by an annular depigmented 
zone. Severer lesions showed a depression 
of the iris stroma, a greater intensity of 
pigmentation at the center of this depressed 
area, and a wider and more depigmented 
aura. Lesions close to the pupillary margin 
pulled the pupil toward these areas. An 
aqueous beam developed, varying from very 
slight to fibrinous exudation. Lens opacities 
developed regularly under the iris lesion, 
being directly related to the size and in- 
tensity of the iris lesion. They consisted of 
a white central capsular and anterior cortical 
opacity, becoming less dense peripherally 
and within the deeper cortex. When the 
iris lesion was in the extreme periphery, 
the cataract did not lend itself to observa- 
tion. 

After one month the corneal lesions had 
disappeared or were smaller in intensity and 
size. Two of the peripheral lesions de- 
veloped a moderate amount of superficial 
vascularization. The anterior chamber was 
negative. Iris lesions of a threshold nature 
showed mild atrophy (Fig. 5), with a 
freckling of the pigmented center, which 
was still depressed. In the severer iris 
coagulations, atrophy was greater, so that in 


Vol. 60, Sept., 1958 


PHOTOCOAGULATION OF IRIS AND RETINA 


Fig. 5.—Iris coagulation, without filter, with 
high-intensity electrodes, exposure time one to 
one and one-half seconds, showing central de- 
pressed pigmented atrophic area surrounded by 
depigmented aura three weeks after irradiation. 
Lesion at 2 o'clock shows through-and-through 
hole in the center of pigmented area. The lower 
lesion has produced retraction of the pupillary 
margin. The edges of the cataract do not show 
well in the photograph. 


about one-third of these eyes sieve-like per- 
forations developed in the grossly atrophic 
base which would function as iridectomies. 
In those cases where the lesion was at the 
iris margin, the entire margin in that area 
disappeared, showing a cataract underneath 
(Fig. 6). The cataracts appeared to grow 
deeper into the cortex as the month passed, 
perhaps because of the laying down of new 


lamellae. A collar-button-like opacity was © 
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Fig. 6.—Iris coagulation, without filter, with 
high-intensity electrodes. The minimal threshold 
lesion at 10 o’clock took one second to produce and 
shows central pigmentation and a depigmented 
aura. Inferior lesion took three seconds to pro- 
duce and was associated with inaccurate focusing, 
and so the iris lesion is large. There is a large 
hole in the atrophic area, and the large cataract 
shows well in the picture. 


then observed in which the capsular and 
subcapsular opacity were joined to a deeper 
cortical opacity by a white trunk. In some 
cases with severer opacities they extended 
around to the posterior cortex. 

In summary, these observations with the 
slit lamp showed a variable amount of 
opacification of the corneal epithelium prob- 
ably due to unfiltered ultraviolet rays. Iris 
lesions were produced consistently. These 


Fig. 7.— Photomicro- 
graph of eye removed 
one-half hour after ir- 
radiation. Fibrin is seen 
in the anterior chamber 
attached to the iris (F). 
Pigment migration to the 
anterior iris 1s seen. There 
is intense engorgement of 
the burned area, with 
polymorphonuclear cells 
with necrotic nuclei. Pig- 
ment of the posterior 
layer of the iris adheres 
to the lens. Destruction 
of normal lens architec- 
ture occurred immediate- 
ly under the burned area. 
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Fig. 8.—One week after 
irradiation, there is com- 
plete acellularity and loss 
of iris structure in the 
burned area. Pigment is 
collected into cannon- 
ball-like structures at the 
anterior surface of the 
iris. The lens shows 
fibroblastic-like tissue un- 
der the capsule (X) and 
a general destruction of 
the lens architecture un- 
der the area of the iris 
burn. 


consisted of a pigmented center and a non- 
pigmented aura which subsequently went on 
to atrophy. In about one-third of the cases 
the atrophy was severe enough to produce a 
through-and-through opening in the iris. 
In the lens there were capsular and sub- 
capsular opacities, roughly proportional to 


the severity of the iris burn. This opacity 
in part moved deeper into the substance of 
the lens as time progressed. 

Histology: Histologically, the eyes ex- 
posed to nonfiltered plain carbon radiation 
and enucleated within 30 minutes of the 
application showed gross deficiency in 
the corneal epithelium and distortion of the 
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basal layers. The underlying stroma was 
possibly edematous, and the endothelium 
seemed normal. A large amount of protein 
material was deposited on the anterior sur- 
face of the iris. In the irradiated region 
the iris was thickened and infiltrated with 
small dark-staining cells, some of whose 
nuclei looked necrotic (possibly polymor- 
phonuclear cells). The anterior iris showed 
increased pigment, and in depigmented 
sections a swelling and distortion of the 
pigment-cell layer of the iris was seen. The 
fresh lesions in the lens were characterized 
by vacuolation and loss of continuity of the 


Fig. 9—One month 
after irradiation, iris is 
still acellular and now 
more atrophic. There is 
a through - and - through 
hole in the atrophic iris 
which would function as 
an iridectomy. The sub- 
capsular epithelium and 
adjacent cortex show 
aberration. 
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Fig. 10—Marked iris 
thinning and through-and- 
through atrophy are seen 
by slit lamp. This lesion 
had at least six different 
sieve-like holes. Subcap- 
sular fibrosis and lamellar 
changes are seen in the 
lens. 


epithelium. The cortex underneath lost its 
normal architecture (Fig. 7). 

After one week the corneal lesions tended 
to be less intense, except when situated 
peripherally and associated with superficial 
vascularization. The protein had disappeared 
from the anterior chamber. The iris lesions 
now showed a loss of all cellular elements, 
with a tendency toward agglutination of the 
pigment in cannon-ball-like structures both 
anteriorly and posteriorly (Fig. 8). The 
structural details of the iris were gone in 
the area of acellularity, and this gradually 
blended into the normal iris peripherally. 
There was retraction of the pupillary mar- 
gins. 

This tenting of the iris, sparsity of stroma 
cells, and pigment cannon-balling was even 
more obivous on the one-month sections 
(Fig. 9). The pigment cannon-balls on the 
depigmented slides proved to be very large 
basophilic-staining cells, with dense acentric 
dark-staining nuclei. There was no other 
pigment in the area of the lesions except 
in these cells, in contrast to the normal iris, 
in which the pigment appears in linear 
spider-like fashion throughout the iris. The 
atrophic iris showed no tendency toward 
healing, and the atrophy extended through 
and through in some eyes (Figs. 9 and 10). 
The insulted lens fibers were displaced more 
deeply into the lens, and in some cases a 


McDonald—Light 


PHOTOCOAGULATION OF IRIS AND RETINA 


subcapsular fibroblastic-like tissue appeared. 
Filtered Rays—When the ultraviolet fil- 
ter was in place, no difference was noted 


between the nonfiltered and the filtered 
burns, except that there was less tendency 
toward corneal opacification in the filtered 
group. The reduction of the corneal lesion 
was further enhanced by the use of the 
high-intensity carbon electrode and by con- 
stant corneal moistening. The required 
exposure time was slightly increased by 
filtering. The clinical course and histologic 
changes were similar to those of the non- 
filtered group. 

Sun.—When the sun was used as a source 
of radiant energy, combined with a 35 D. 
convex lens and cornea moistening, no 
corneal lesions developed. A small iris 
coagulation was seen, similar to those in 
the above experiments with the arc lights, 
except that it took three to five seconds, 
depending on the accuracy of the focusing. 
The size of the iris lesion produced with 
the sun as a source was inversely propor- 
tional to the dioptric strength of the lens, 
the smaller iris lesion being produced with 
the stronger converging lens. The subse- 
quent clinical course of these lesions and 
the histologic findings were like those in 
the above experiment. 

Albino Rabbits—With albino rabbits it 
proved impossible to produce an iris burn 
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Fig. 11. — Retinal co- 
agulation six weeks after 
irradiation. Marked ret- 
inal thinning and loss of 
retinal architecture its 
seen, with a tendency to- 
ward cannon-balling of 
the pigment granules. 


or a lens opacity, in spite of prolonged 
application time with the machine. With 
prolonged application, the first pathologic 
change in the eye was noted as a corneal 
opacity in the superficial layers, as described 
with the nonfiltered plain carbon electrodes. 
The histology of this lesion in albino rab- 
bits did not differ as far as the cornea is 
concerned from the histology of corneal 
lesions described above. 

Retinal Lesions.—When the iris-coagulat- 
ing lens (JC) and filter (F) were turned 
out of the way ot the beam and the focusing 
. cylinder (FC) was moved flush with the 

anterior edge of the focus knob holder, the 
machine was ready for retinal coagulation. 
The optics are illustrated in Figure 4. The 
pupil was widely dilated. After two or three 
seconds’ exposure, round lesions were noted 
on the retina. These consisted of a whitish 
edematous center surrounded by a depig- 
mented ring comparable to the photographs 
and clinical descriptions of Meyer-Schwick- 
erath and Ham. Histologically, these retinal 
lesions showed a cannon-ball appearance of 
the pigment in the pigmented layer of the 
retina similar to that seen on the iris. There 
was a marked thinning of the retina and a 
loss of all retinal architecture in this region 
(Fig. 11). In some of these the retina was 
so thin that it looked as if it might perfo- 
rate. No corneal, iris, or lens changes were 
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noted with these retinal coagulations, in spite 
of lack of filtration of ultraviolet rays. 


Comment 


We have presented a machine, readily 
available in all medical schools, which can 
be used to study the effect of photocoagula- 
tion on the iris and retina. If it is desir- 
able, the machine can be returned to its 
original purpose without expense or loss 
of efficiency. It ,roduces primarily infrared 
and visible radiation, the ultraviolet rays 
being filtered out. As far as required ex- 
posure time is concerned, this machine is 
not as powerful as that produced in Ger- 
many by Meyer-Schwickerath, but its lower 
output might contribute to the safety of 
photocoagulation. A comparison of the 
relative strength of the two machines may 
be seen in the time necessary for a coagula- 
tion of the rabbit retina. Meyer-Schwick- 
erath’s apparatus required exposure times 
of only 1/50th to 1/2 second, whereas our 
apparatus took somewhere in the neighbor- 
hood of 2 seconds for retinal coagulations. 

The original purpose of this work was to 
investigate the practical possibilities for non- 
surgical peripheral iridectomy in narrow- 
angle glaucoma. Because of several findings 
in our present study, we are not as en- 
thusiastic as Becker was in reviewing the 
subject in 1956.%° Although peripheral 
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iridectomies were produced in about one- 
third of our rabbit eyes, depending on the 
intensity of the original coagulation, this 
technique has several practical difficulties. 
In the first place, it took one to two months 
for any perforation to occur. Secondly and 
more importantly, a lens opacity was pro- 
duced consistently beneath the coagulated 
iris, which in some cases became sufficient 
to reduce vision. These cataracts were al- 
ways proportional to the intensity of the 
iris coagulation. These findings are essen- 
tially the same as those of Meyer-Schwick- 
erath.* The fact that they could not be 
produced in albinos suggests they are de- 
pendent upon the energy-absorbing proper- 
ties of the pigmented iris and are secondary 
to the heat generated from this absorption 
of energy. The possibility of coagulation 
of the iris in aphakic eyes or of producing a 
hole in an updrawn pupil after cataract 
surgery might be practical. In cases where 
the production of iris coagulation might be 
desirable and a cataract would be insignif- 
icant, as in the coagulation of a pigmented 
iris tumor, it might have some value. 

Corneal damage was reduced by (1) 
using the copper-covered carbon electrode 
(instead of the plain carbon), (2) using 
ultraviolet ray filters, and (3) the constant 
application of saline to the cornea during 
the procedure. 

No attempt has been made in this study 
to quantitate the dosage and the retinal 
changes or discuss extensively the thera- 
peutic possibilities, because this has been 
well covered in the extensive writings of 
Meyer-Schwickerath. However, this machine 
can produce retinal coagulation with a rea- 
sonably short exposure time, although the 
problem of localization of the radiation has 
not been tackled. 


Summary 
By a slight modification of the old Bausch 
& Lomb microprojector with copper-covered 
carbon electrodes, a machine is presented 
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which can cause photocoagulation of the 
iris and retina of rabbits. 


A small coagulation of the iris resulted 
several seconds after focusing the rays from 
this machine. In about one-third of these 
cases the iris subsequently developed a 
through-and-through opening which would 
function as an iridectomy. 

A small cataract was produced in the lens 
in all cases directly under the iris lesion, 
except in albino rabbits. 

By modifying the optics of the device, 
photocoagulation of the retina was accom- 
plished with an exposure of two to three 
seconds without production of cataracts. 


1853 W. Polk St., Chicago 12 (Dr. McDonald). 
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Cataract Associated with Congenital Ichthyosis 


" OGDEN D. PINKERTON, M.D., Honolulu, Hawaii 


Cataract associated with congenital ich- 
thyosis is a rare occurrence. It is the pur- 
pose of this paper to discuss this occurrence, 
to review the literature available, and to 
present two cases occurring in Japanese 
male siblings. 

The two cases were isolated instances in 
a family with no history of ichthyosis or 
cataract on either the paternal or maternal 
side. The parents of the children had writ- 
ten to relatives in Japan for further per- 
tinent family history, with negative results, 
except that a maternal aunt had had skin 
trouble involving the face. There was no 
intermarriage in any of the relatives or 
parent consanguinity. Both children were 
healthy, normal, and well developed. 

Ichthyosis is a congenital abnormality of 
cornification of the skin associated with 
dryness, scaliness,.and warty growths.’ It 
is often familial and has a genetic back- 
ground. It may not appear until a year or 
more after birth, The common variety, 
known as ichthyosis simplex and, in the 
milder form, as xeroderma, usually starts 
in the second year of life, and is character- 
ized by dirty gray scaling of the skin fre- 
quently broken by fissures. Sebaceous gland 
secretion is deficient. The “harlequin” fetus 
is a severer form of the disease, and death 
in utero or early post partum is the rule. 
The mucosal surfaces are never involved, 
but the hair and nails may be affected. 

Histologically there is a marked cornifi- 
cation. The granular layer of the skin is 
absent, as is also the keratohyalin layer, the 
horny layer being formed directly from the 
rete without the usual intervention of ker- 
atohyalin. The papillae of the corium are 
compressed and flattened, and there is a 
thickening of collagen, with cellular infiltra- 
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tion around the follicles. The disease is 
worse in the winter and may be improved 
by sun and ultraviolet light.* The disease 
occurs more commonly on the extensor sur- 
faces of the arms and legs, but it may be 
generalized. 

The two cases of cataract associated with 
ichthyosis to be presented might have been 
only accidentally related. A review of the 
literature from the present to 1900 showed 
no such association being reported in the 
American literature. There was an article, 
however, written by Gerhard Jancke, of 
Kessel, Germany, who made reference to 
other writers in his review of the literature.* 
Not having access to these articles, I have 
taken the following brief discussion of these 
authors from Jancke’s interpretation of their 
papers on the subject. 

Siemens found among 242 cases of con- 
genital ichthyosis only 1 unilateral congen- 
ital laminated cataract. He regarded this as 
purely coincidental. Kugelberg described 
one case, a 15-year-old patient with ich- 
thyosis and “Besnier’s prurigo” associated 
with a cataract. His case was a member of 
a family in which neurodermatitis, ichthy- 
osis, and asthma occurred simultaneously. 
He (Kugelberg) was of the opinion that 
the neurodermatitis was more likely the 
etiological factor than the ichthyosis. Jancke 
also refers to papers by Cibis, Velhagen, 
and Huerkamp, but from his paper I should 
conclude that their writings were more of a 
general nature and were more of a discus- 
sion of lens opacities with general skin 
disease, particularly neurodermatitis. 


Duke-Elder * mentions briefly the asso- 
ciation of lens opacities with neuroderma- 
titis, scleroderma, chronic eczema, and 
poikiloderma atrophicans vasculare. All 
ophthalmologists are aware of the etiological 
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Figure 1 


association of rubella and congenital cata- 
racts. 

Jancke * presented an 8-year-old girl who 
showed clouding of the central portions of 
the anterior lens capsule, subcapsular opaci- 
ties, and vacuoles. The embryonal nucleus 
was clear. There were also diversely shaped 
opacities in the anterior and in the posterior 
cortex. This patient’s 13-year-old sister also 
showed an opacity in the posterior temporal 
cortex of the left eye. The mother of these 
children had marked ichthyosis, but the 
children did not. In addition, the mother 
had anterior and posterior punctate and 
nodular densities, those in the periphery 
being of the cuneiform cataract type of 
opacity. 

In addition, Jancke presented three other 
cases: The first was that of a 55-year-old 
woman with ichthyosis who presented mul- 
tiple densities of the cortical lamina of 
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various shapes. The second was a sister, 
aged 54, with normal skin. She presented 
slight clouding of the senile nucleus, with 
marked cuneiform cataract formation at the 
periphery in both eyes. The third case was 
also a sister, aged 52, with marked ichthy- 
osis. Both lenses revealed cuneiform cortical 
cataracts in the periphery, with single den- 
sities in the subcapsular layer. 

The following two cases have been under 
my observation since 1953 and were last 
examined in May, 1957. 

Personal and family history (both cases). 
Both were normal full-term infants and 
both showed skin changes at birth. Both 
had been in good average health and had 
had the usual childhood diseases. Their 
skins had, however, presented a grave prob- 
lem since birth, and because of their ap- 
pearance and apparent discomfort the 
children were a great worry to their parents 


Fig. 3.—Peripheral cortical anterior and poster- 
ior cuneiform, rectangular, and irregular opacities 
(general pattern of both lenses). 
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CATARACT ASSOCIATED WITH CONGENITAL ICHTHYOSIS 


Figure 5 


and were also a social worry in that both 
appeared grossly abnormal. Their parents 
had used all types of medications and had 
had to depend upon bland oils to keep their 
skins from fissuring and cracking. The 
younger boy had had a crossed eye since 
the age of 4. These two were the only 
children in the family. Neither parent pre- 
sented evidence of skin disease. They were 
unable to remember any skin disease in their 
families. There was no history of con- 
sanguinity. 

Case 1.—Physical examination in May, 
1957, revealed a Japanese boy, aged 9 years, 
who appeared to be in excellent health ex- 
cept for a generalized roughening and thick- 
ening of the skin with slight erythema and 
scaling, more pronounced on the neck and 
extensor surfaces of the extremities ( Figs. 
1 and 2). The skin changes were not as 
marked as in 1953, and both parents felt 
that the skin condition had improved since 
birth. The remainder of the examination 
was negative except for the eyes. 

Laboratory findings: Chest x-ray nega- 
tive. Urine and blood cell count within 
normal limits. Blood sugar 105 mg. % 
(nonfasting); NPN 22.2 mg. %; choles- 
terol 166 mg. %. 

Eye examination: Vision O. D. 20/65—1, 
O. S. 20/65—1 correctable to 20/40 in each 
eye with O. D. +6.50—2.25 CX 15. O.S. 
+5.50—2.25 CX 170. (Corrected vision 
in 1954, at the age of 6, was 20/30 in each 
eye, suggesting a possible progressive dimi- 
nution in vision.) Slit-lamp examination re- 


Pinkerton 


Figure 6 


vealed bilateral anterior and _ posterior 
cortical cuneiform and _ rectangular lens 
opacities of increased number and density 
posteriorly. The central cortex and subcap- 
sular areas also showed increased density 
(Fig. 3). The cornea throughout was nor- 
mal. Fundus examination was _ normal. 
There was a constant esotropia of 16A 
for near and 35A for far, which improved 
to 10A to 12A of esotropia for far and 
near with correction. Fixation’ was excel- 
lent with either eye. 

Case 2.—Physical examination in May, 
1957, revealed a Japanese boy aged 12, a 
brother of Case 1, with essentially the same 
skin findings as his brother (Figs. 4, 5, and 
6). This patient also appeared to have 
improved since 1953, and the parents also 
felt that the child had improved markedly 
since birth. 


Fig. 7.—Peripheral cortical anterior and _pos- 
terior cuneiform opacities (right eye). 
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Fig. 8—Cortical anterior posterior opacities 
(left eye). 


Laboratory findings: Chest x-ray nega- 
tive. Urine and blood cell count within 
normal limits. Blood chemistry: nonfasting 
blood sugar 92.5 mg. %; NPN 25.6 mg. %; 
cholesterol 174.3 mg. %. 

Eye examination: Vision 20/60—1 in 
each eye correctable to 20/20 in each eye 
with O. D. +4.75—1.50 CX 170, O. S. 
+4.25—2.25 CX 18. Slit-lamp examina- 
tion showed bilateral anterior and posterior 
peripheral cuneiform opacities involving the 
cortex anteriorly and posteriorly, but with 
less involvement on the left (Figs. 7, 8, and 
9). The central cortex and subcapsular 
areas also showed increased density. The 
opacities on the left eye were more irregular 
in outline. Fundus examination was nega- 
tive. 


Comment 


Whether the cataracts and skin changes 
were coincidental in these two siblings would 
be impossible to say. In view of Jancke’s 
cases, and the cases referred to by Jancke, 
it is likely that the relationship of the 
cataracts and skin changes in these two cases 
is more than fortuitous. It is hoped that 
other cases of cataracts in children can be 
observed more carefully and studied derma- 
tologically. Gross ichthyoid changes are not 
necessarily to be expected. Roughening and 
scaling or a “pig-skin” change or appear- 
ance of the skin, particularly on the ex- 
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Fig. 9.—Peripheral cortical posterior opacities 
(left eye). 


tensor surfaces of the extremities, might 
lead to a presumptive diagnosis. Biopsy 
study of skin from these areas might well 
confirm the clinical diagnosis in mild cases 
of skin change. A distinction should be 
made from “congenital ectodermal defect,” 
which presents similar skin changes, bald- 
ness, Hutchinson-like teeth, Mongoloid fea- 
tures, and cataracts. 


Summary 


Two cases of cortical cataracts in Japa- 
nese siblings and a review of the available 
literature have been presented. Both cases 
showed mild to moderate ichthyosis which 
was present at birth. They came under 
observation at the ages of 5 and 8 years, 
respectively. Whether the lens changes were 
present at birth is unknown. Dermatological 
examination is urged in cases of cataracts 
in children. 

Suite 230, Young Building (13). 
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Histochemistry of the Eye in Metachromatic 


Leukoencephalopathy 


DAVID G. COGAN, M.D.; TOICHIRO KUWABARA, M.D.; E. PIERSON RICHARDSON, M.D., and 


GILLES LYON, M.D., Boston 


In this brief communication we wish to 
report the finding of a metachromatic sub- 
stance in retinal ganglion cells of two 
patients with metachromatic leukoencepha- 
lopathy. This disease has pathologic fea- 
tures which, as its name implies, have 
directed attention primarily to the white 
substance of the brain.'* The finding of 
metachromatic substances in certain cells 
of the retina, which has no myelin, affords 
an opportunity to study changes in portions 
of the nervous system which are unasso- 
ciated with white matter. So far as we are 
aware, the retina has not previously been 
studied in this disease. 

The two cases which we had an oppor- 
tunity to study were typical instances of 
metachromatic leukoencephalopathy. Since 
the clinical and neuropathologic findings are 
to be reported elsewhere in detail,* only a 
brief résumé of these cases will be pre- 
sented here. 

Case 1.—At the time of death the patient 
was 13 years old. We had had the opportu- 
nity to study him in the hospital at the age 
of 8. At that time there was a history of 
progressive lassitude, disinclination to walk, 
muscular incoordination, and mental dete- 
rioration of about one year’s duration. 


The patient’s brother had died at the 
age of 5 years of a progressive cerebral 
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Howe Laboratory of Ophthalmology (Drs. 
Cogan and Kuwabara), Harvard University Medi- 
cal School, Massachusetts Eye and Ear Infirmary, 
and Department of Neurology, Massachusetts Gen- 
eral Hospital (Drs. Richardson and Lyon). 

* The first case was made available by P. B. 
Diezel and E. P. Richardson Jr., and the second 
case, by G. Lyon and E. P. Richardson Jr. 


disease which on the basis of postmortem 
studies (Dr. Gabriel Steiner, Wayne Uni- 
versity College of Medicine) was consid- 
ered to be “diffuse degenerative disease of 
the cerebral white matter resembling the 
type described by Scholz and Bielschow- 
sky.” 

Examination of the patient at the age of 
8 showed intellectual impairment, slow 
speech, and bilateral extensor plantar re- 
flexes. Electroencephalography showed a 
high voltage and slow rhythm. Lumbar 
puncture and skull x-rays were interpreted 
as normal. 


The eyes were normal except for slight 
ptosis. The fundi showed no pallor of the 
discs or abnormality of the vessels. 

After discharge from the hospital the 
patient was not followed, but after death 
the brain and eyes were obtained for 
study.j The brain showed a widespread 
destructive process involving myelin sheaths 
and axones with characteristic metachro- 
matic staining of the myelin break-down 
products, 

The eyes were fixed in formalin for eight 
years. Several square segments of the ret- 
ina were then excised, stained, and mounted 
on the flat in Paragon Mounting Medium. 
Other portions of the retina were excised 
for paraffin embedding and prepared as 
cross sections. The remaining portion of 
the retina and globe was then embedded 
in gelatin, and sections were cut in the 
frozen state so as to transect, as far as 
possible, the optic nerve and macula. Eight 
normal eyes that had been fixed in formalin 


+ Dr. Charles Kubik obtained the specimens and 
gave permission to use them in the present study. 
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for several years and two normal eyes that 


had been fixed in formalin for several 
weeks were similarly treated, and the re- 
sults reported herewith are based on a com- 
parison with these normal eyes. 

One of the more conspicuous but less 
significant features in the present case was 
a multitude of dendritiform crystals in the 
retina. These are artifacts which will be 
described in a subsequent communication 
under the general heading of “lipid crystals 
after prolonged formalin fixation.” They 
were found to be abundant in all the normal 
specimens that had been removed post 
mortem, but in the present case they 
showed a more intense staining with Sudan 
black than was the case with normal ret- 
inas, 

The significantly abnormal findings were 
limited to the inner layers of the retina, the 
optic nerve, and the ciliary nerve. The 
nerve fiber layer of the retina (Fig. 1) was 
greatly attenuated so that the ganglion cells 
throughout the retina were directly apposed 
to the internal limiting membrane (which is 
normally the case only about the macula). 
Whether or not they were reduced in num- 
ber could not be determined because of the 
normal variation in different loci of the 
retina. The large ganglion cells at least 
appeared to be rormally abundant and 
showed a slight but definite sudanophilia 
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Fig. 1.—Cross section 
of an extrafoveal portion 
of the retina, showing at- 
tenuation of the nerve 
fiber layer and a ganglion 
cell, containing unusually 
granular cytoplasm, ap- 
posed to the inner limit- 
ing membrane of the 
retina. Hematoxylin and 
eosin stain. 


with Sudan IV and Sudan black. This was 
particularly striking with Sudan black 
staining of flat segments of the retina. 
Normal retinas show little or no sudano- 
philia of ganglion cells. 

With cresyl violet { the large ganglion 
cells (and amacrine cells) showed a distinct 
metachromasia § that was again most strik- 
ingly evident with flat segments of the 
retina (Fig. 2). Here the pink ganglion 
cells stood out brilliantly against the ortho- 
chromatic blue background. Cross secticns 
also showed the large ganglion cells to be 
metachromatic so long as the sections were 
stained sufficiently intensely. Protamine 
blocked the metachromasia of the ganglion 
cells. No metachromasia was found in any 
other portion of the retina or to any com- 
parable extent in any of the normal eyes. 


¢ The cresyl violet used in these studies was for 
the most part obtained from Coleman & Bell. A 
few spot tests with cresyl violet obtained from 
Grubler showed that the former did not give rise 
to the brown metachromasia which has been held 
(von Hirsch and Peiffer*) to be characteristic of 
metachromatic leukoencephalopathy. This difference 
in the two dyes is currently being further studied 
and will probably be reported on later. 

§ The metachromasia was well preserved for at 
least several months but disappeared within a few 
minutes on exposure to a carbon-are lamp during 
projection. 
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Fig. 2.—Flat specimen of retina stained with cresyl violet to show 
metachromasia of ganglion cells. The elliptical or ring configuration 
is due to the fact that the nuclei do not stain. 


Fig. 4—Cross section of extrafoveal portion of the retina stained 
with cresyl violet to show positive take by the ganglion-cell layer 
as the only abnormality. 
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METACHROMATIC LEUKOENCEPHALOPATHY 


Fig. 3.—Ganglion-cell 
layer of the retina stained 
by the periodic acid tech- 
nique 


Staining by the periodic acid-Schiff 
technique showed a fairly strong “take” by 
the large ganglion cells, whereas normal 
eyes showed no “take” or only a slight 
stain. 

These abnormal findings were limited to 
the large ganglion cells. No conclusive evi- 
dence was obtained indicating that the 
smaller ganglion cells, including those about 
the fovea, participated in these abnormal 
reactions. 

On the negative side, the ganglion cells 
showed no abnormal staining with hema- 
toxylin and eosin (dehydrated and paraffin- 
embedded specimen) or with hematoxylin 
alone (frozen section). Nor did unstained 
sections show any birefringent material in 
the ganglion cells (as is the case, for in- 
stance, in Tay-Sachs disease). Millon’s 
test for phenyl groups was also negative, 
and no change occurred in the Schiff stain- 
ing after incubation with hyaluronidase. 

The lipid solubility of the substance in 
the ganglion cells was tested by immersing 
sections in various solvents for times rang- 
ing from 30 seconds to 1 hour and then 
staining with Sudan black. There was no 
reduction in sudanophilia with immersion 
as long as one hour in 100% alcohol or 
acetone, but there was reduction of sudano- 
philia after immersion in chloroform- 
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methanol for five minutes but not complete 
elimination of sudanophilia even after im- 


mersion: for one hour. In general, these 
were the same results as were obtained 
with myelin. 

The-eptic nerve was also distinctly ab- 
normal. Whereas the myelin of normal 
nerves showed a uniform and _ delicate 
fibrillar pattern, even after years of for- 
malin fixation, the optic nerve in the pres- 
ent case showed clumping of what appeared 
to be myelin (Fig. 4). This was most 
conspicuous in the region behind the lamina 
cribosa and in the periphery of the nerve. 
The clumps stained like myelin, but more 
intensely, with Sudan IV, Sudan black, and 
cresyl violet and with the periodic acid- 
Schiff stain. With hematoxylin and eosin 
stains of the paraffin-embedded material, 
the clumps survived as eosinophilic mate- 
rial partly in cells (macrophages) and in 
part apparently outside of cells. With 
Baker’s stain (hematein chromate) the 
nerve showed normal intensity of stain but 
no take by the clumped material. Neuro- 
fibrillar stains (Davenport) showed ap- 
proximately normal number of nerve axes. 
There was some increased cellularity of the 
optic nerve but no foam cells. 

The birefringence of the myelin showed 
a clumping analogous to that seen in the 
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stained sections. Whereas optic nerves not 
subjected to alcohol dehydration show nor- 
mally a characteristic fine granular bire- 
fringence, the optic nerves in this case 
showed not only fine, granular birefrin- 
gence but also coarse, clumped birefringent 
material. A few spherocrystals were also 
present. 

The ciliary nerves seen in a few sections 
showed a clumping of myelin similar to that 
in the optic nerve and unlike any of the 
normal eyes examined. Similar findings 
have been noted in other peripheral nerves 
with this disease.** 

In summary, an abnormal substance was 
found in the large ganglion cells and ama- 
erine cells of the retina in a case which 


had involvement of the central nervous 
system characteristic of metachromatic 
leukoencephalopathy. The substance in 


these retinal cells had the sudanophilia, 
metachromasia, periodic acid-Schiff reac- 
tion, and solubility properties of myelin. 
It is undoubtedly similar to the abnormal 
substance found in certain nerve cells of 
the central nervous system in this disease, 
and it is not found in normal retinas. 

In addition, an abnormal clumping of 
myelin was found in the optic nerve and 
ciliary nerve of this case similar to that 
occurring in the central nervous system 
and peripheral nerves with this disease. 
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Fig. 5.—Cross section 
of optic nerve stained by 
the periodic acid-Schiff 
technique. The dark areas 
are what are referred to 
in the text as clumped 
myelin. 


Case 2.—This patient was a girl who 
died at the age of 3%» years. She had 
developed normally until 17 months of age, 
when she developed weakness of legs and 
irritability. This was followed by a gradu- 
ally progressive spastic tetraplegia and de- 
mentia. A careful neurologic evaluation 
was made two months prior to death by 
Dr. Philip R. Dodge. The patient could 
follow objects with her eyes, and the pupils 
reacted well to light, but the optic discs 
were pale. Laboratory investigations car- 
ried out at various times during the course 
of the illness, including x-rays of the skull, 
electroencephalography (performed in the 
early stages of the disease), and cerebro- 
spinal fluid examination, were unrevealing. 
She died of pneumonia in a state of com- 
plete helplessness. 

An older sister had died at the age of 
2% years of a clinically similar, progres- 
sive, neurologic illness; an autopsy was not 
done. 

The posterior portion of the eyes were 
removed approximately 4 hours after death 
and were fixed in formalin, where they 
were kept for 10 months before sectioning. 
Flat preparation of the retina and cross 
section of the posterior half of the eye and 
of the optic nerve were prepared as in the 
foregoing case. Similarly, the stains used 
were cresyl violet for the flat sections and 
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hematoxylin and eosin, Sudan IV, cresyl 
violet, and periodic acid-Schiff for the cross 
sections. 

Flat sections showed conspicuous meta- 
chromatic staining of the cytoplasm of the 
large ganglion cells with cresyl violet and 
considerable staining with Sudan black. 
Cross sections showed definite although less 
conspicuous metachromasia of these gan- 
glion cells and of no other structures in the 
retina. The ganglion cells also showed a 
greater than normal take by the periodic 
acid-Schiff procedure but a relatively weak 
stain with Sudan black. Preparations 
stained with hematoxylin and eosin showed 
what appeared to be normal retina without 
any apparent reduction in thickness of the 
nerve fiber layer. As in the previous case, 
it was impossible to decide whether or not 
the ganglion cells were reduced in number 
or whether or not the foveal ganglion cells 
were normal. 


Cross sections and longitudinal sections 
of the optic nerve showed the usual meta- 
chromasia of myelin, but, in contrast to the 
normal control sections, there was conspicu- 
ous clumping of myelin and phagocytosis 
of the metachromatic substance. Some of 
the macrophages were collected ‘about the 
central vessels in the optic nerve. The 
clumping and phagocytosis was also evident 
in the slides stained by the periodic acid- 
Schiff method, and, as in the foregoing 
case, the phagocytosed material stained 
more intensely than that which was outside 
of the cells. 

The findings in this case were similar to 
those in the first case as regards the gan- 
glion cells of the retina and optic nerve 
except that the intracellular material in the 
ganglion cells was less sudanophilic. 


Comment 


The retinal ganglion cells share with cer- 
tain cells of the central nervous system, 
notably those of the roof nuclei of the 
cerebellum and various nuclear groups of 
the diencephalon, brain stem, and spinal 
cord, the characteristic metachromatic sub- 
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stance in their cytoplasm. Unlike the cells 
of the central nervous system, however, 
those in the retina do not have any white 
matter in the vicinity; consequently, one 
cannot assume that the metachromatic ma- 
terial is either derived from myelin or lim- 
ited to cells which normally form myelin. 
On the other hand, the staining character- 
istics of the foreign substance in these cells 
is like that of myelin, suggesting that in 
this disease these cells come to form myelin 
or a myelin-like substance. 

The specificity of the ganglion cells for 
the abnormal substance is similar to that 
seen in Tay-Sachs disease but appears to 
affect preferentially, or possibly exclusively, 
the large ganglion cells instead of the small 
ganglion cells about the fovea. Also, unlike 
the finding in Tay-Sachs disease, the sub- 
stance in the ganglion cells of the present 
disease is metachromatic. 

Despite the presence of the metachro- 
matic substance in the ganglion cells, there 
was no conspicuous enlargement of these 
cells and no definite degeneration of the 
cells in the present two cases. There was 
some clinical evidence of optic atrophy in 
the second case, and this has been a con- 
spicuous finding in other reported cases of 
metachromatic encephalopathy. The optic 
nerves of our cases did show pathologic 
clumping of myelin and phagocytosis. It 
is fair to assume that optic atrophy would 
have been conspicuous in our cases if the 
children had lived sufficiently long. It is 
also of interest that the ciliary nerves 
showed similar clumping of their myelin. 


Summary 

The eyes and optic nerves were studied 
in two cases of metachromatic leukoenceph- 
alopathy. Although this is a disease which 
ultimately leads to optic atrophy, no histo- 
logical study of the eyes and optic nerves 
has previously been reported in this disease. 

The larger retinal ganglion cells were 
found to contain a metachromatic substance 
in their cytoplasm similar to that found in 
certain cells of the central nervous system. 
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This is' held to have particular interest since 
the retina contains no myelin normally and 
indicates that this disease is not necessarily 
associated with white matter. 

The optic nerves in both cases showed a 
clumping of what is interpreted as myelin 
and is probably indicative of incipient optic 
atrophy. 

243 Charles St. (14). 


REFERENCES 


1. Edgar, G. W.: Morphological and Chemical 
Considerations Concerning Familial Leucodys- 
trophia and Its Possible Relation to Lipidosis, 


A.M. A. ARCHIVES OF OPHTHALMOLOGY 


Folia psychiat. neurol. et neurochir. neerl. 59:33, 
1956. 

2. von Hirsch, T., and Peiffer, J.: Uber 
histologische Methoden in der Differentialdiagnose 
von Leukodystrophen und Lipoidosen, Arch. Psy- 
chiat. 194:88, 1955. 

3. Diezel, P. B.: Stoffwechselstorungen der 
Sphingolipoide, Berlin, Springer-Verlag, 1957. 

4. Jacobi, M.: Uber Leukodystrophie und 
Pelizaus-Merzbachersche Krankheit, Arch. path. 
Anat. 314:460, 1947. 

5. Brain, W. R., and Greenfield, J. G.: Late 
Infantile Metachromatic Leucoencephalopathy, with 
Primary Degeneration of the Interfascicular 
Oligodendroglia, Brain 73:291, 1950. 

6. Diezel, P. B., and Richardson, E. P., Jr.: To 
be published. 


4 
402 


Malignant Melanoma of the Iris 


GILBERT W. CLEASBY, M.D., New York 


Since 1948 the Stanford Eye Pathology 
Laboratory has collected 21 cases of malig- 
nant melanoma of the iris. The longest 
follow-up is now nine years, and 12 cases 
have been followed at least five years. Cur- 
rent reports are available on 19 patients and 
indicate that all are living, with no evidence 
of recurrence or metastatic involvement. 

There are certain questions which arise in 
studying these tumors. The problems of 
diagnosis and classification of iris melanoma 
are not as well worked out as for choroidal 
melanoma. Even the matter of what shall 
be called “melanoma” and when to use the 
terms “benign” and “malignant” are often 
subjects for considerable debate. A discus- 
sion of diagnosis, management, and _histo- 
logical classification based on the clinical 
and microscopic study of this series is pre- 
sented. 

The clinical behavior of malignant mela- 
noma of the iris may be characterized by 
measurable growth, darkening of previously 
existing pigmented lesions or of the iris as 
a whole, appearance of satellite lesions, in- 
terference with iris motility, invasion of the 
filtration angle by disseminated cells, and 
onset of unilateral glaucoma. 

Because of the accessibility of these 
lesions for direct inspection and generally 
slow progression, frequent observations with 
drawings and photographs can be used for 
determination of growth. In 11 cases of 
this series a spot on the iris had been noted 
a year or longer prior to diagnosis, and 4 
patients had been aware of a lesion since 
early childhood. The occurrence of iris 
melanoma at the site of pigmented lesions 
known to be present for many years has 
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been noted by many authors.'* It seems 
likely that in many other cases there were 
preexisting lesions not noted by the patient 
or examiners. Many writers believe that 
malignant melanoma often arises from pre- 
viously existing benign pigmented lesions. 
Wilder ® raised the question as to whether 
or not malignant melanomas of the iris 
might arise in clusters of melanoblasts 
present at birth, which, because of small 
size and slight pigmentation, are not always 
apparent, 

Definite darkening of a pigmented lesion 
or of the iris as a whole was noted in three 
cases. Cases of heterochromia in which the 
involved iris becomes brown or darker 


brown have been mentioned in other 
series.?-6-7 


The appearance of pigmented patches n 
the iris separate from the main tumor is 
often seen in conjunction with other signs 
of neoplastic activity. These may represent 
either implantation growths of malignant 
cells from the parent lesion or independent 
melanomas or “freckles” of apparently be- 
nign nature. The explanation for the latter 
phenomenon is not certain, but it is also a 
definite feature of malignant melanomas 
elsewhere in the uvea. As noted by Wilder ® 
in a series of 200 eyes enucleated for 
malignant melanoma of the choroid and 
ciliary body from patients in the 18- to 38- 
year-old age group, benign melanomas of 
the iris were present in 66.5%. In 55 eyes 
enucleated for malignant melanoma of the 
iris, in the same age group, benign mela- 
nomas of the iris were present in all cases. 
This is in comparison with an incidence of 
49.7% in 300 eyes enucleated from the same 
age group because of trauma. It has been 
postulated 7° that some cancerigenic factor 
may act on the whole uveal tract, causing. a 
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malignant melanoma at one site and more- 
or-less benign melanomas at other sites. It 
is also possible ™* that some substance may 
emanate from the main lesion, causing a 
localized proliferation of melanoblasts else- 
where in the uvea. 

Interference with iris motility, causing 
distortion of the pupil or irregular dilatation, 
is a significant sign of stromal invasion and 
was specifically noted in five cases. Ectro- 
pion uveae appears to be uncommon and 
was seen in only one case in this series. 

Invasion of the filtration angle by dis- 
seminated tumor cells was present in all 
cases in which glaucoma was also present 
and in several other cases as well. In some 
the main body of the tumor seemed to extend 
around the angle in the manner of a “ring 
sarcoma.” This invasion had been recognized 
where preoperative gonioscopic findings 
were reported, indicating that contact lens 
study of the anterior chamber angle is an 
important part of the clinical evaluation. 
Evidence of posterior involvement may be 
revealed also by examination of the region 
of the ciliary body through a widely dilated 
pupil with a contact lens. 

The occurrence of unilateral glaucoma 
in any patient should be the occasion for 
an intensive etiological survey and in the 
presence of either discrete or diffuse iris 
pigmentation can be a very significant find- 
ing. Four eyes in this group were enucleated 
only after prolonged treatment of the glau- 
coma. 

The tendency of malignant melanornas 
to occur in the inferior half of the iris has 
been noted frequently..?*"* In this series 
16 were inferior, 1 was in a horizontal loca- 
tion, 1 was diffuse, 2 were superior, and 
the location of 1 was not determined. The 
significance of this is not known. In relation 
to the pupil, the main body of the tumor in 
most cases was either in or close to the 
angle, and in only two cases did it actually 
reach the pupillary margin. 

Pigmentation was present in all cases, 
varying from tan to dark brown. One tumor 
was described by the examiner as black. 
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Duke-Elder and Stallard* reported a case 
of “leukosarcoma” of the iris, together with 
25 others from earlier literature, in which 
there was no pigment, either clinically or 
histologically. However, it was noted that 
“some patients had observed a pigmented 
spot on the iris for many years.” It is 
possible that some of these tumors may have 
been leiomyomas. 

The average age of patients with malig- 
nant melanoma of the iris is definitely 
younger than those with similar tumors else- 
where in the uvea.***7 The range in this 
series is from 8 to 81 years, with an average 
age of 50 years. 

It has been stated that there is a slightly 
greater occurrence in women,)*!3 but in 
this group of 21 cases 16 of the patients 
were men. 

The occurrence of uveal melanomas is 
rare in Negroes, only 8 having been noted 
in a series of 1600 cases reported by 
Callender, Wilder, and Ash."* All of the 
patients in this series were of Caucasian 
extraction. 

The prognosis for these lesions is cer- 
tainly better than for malignant melanomas 
of the choroid. Reese® reports 23 cases 
from the Institute of Ophthalmology with 
no apparent mortality. The Armed Forces 
Institute of Pathology has recorded 3 
deaths due to metastases among 32 cases. 
Factors which may be related to the 
relatively more benign prognosis include 
(1) earlier detection owing to location, (2) 
an over-all less-malignant-appearing cellular 
character, (3) resistance to invasion by 
thick-walled iris vessels, and (4) a growth- 
inhibiting factor which may be present in 
the aqueous humor.’®> It must re- 
membered, however, that prolonged follow- 
up studies are necessary in all uveal 
melanomas, since metastases may appear 30 
or more years after removal of the primary 
tumor.® 

Because of the better prognosis for these 
tumors, there has been an_ increasing 


tendency to perform excisional iris biopsy 
instead of enucleation as the initial pro- 
cedure and to follow a course of observation 
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if it seems likely that the lesion has been 
completely removed. This contrasts with 
the earlier advice’ to enucleate the eye as 
soon as the diagnosis is made, apparently 
without regard to whether or not the tumor 
can be excised locally. Biopsy is not neces- 
sarily contraindicated with a widespread 
lesion, providing that the eye has not been 
irreparably damaged by the growth, since 
it may be necessary for diagnostic purposes. 
Also, satellite lesions may merely represent 
benign melanomas or freckles and could 
be safely observed if the main tumor body 
is excised. 

The differential diagnosis of malignant 
melanoma of the iris includes benign mela- 
noma (used synonymously with “iris nevus” 
and “freckle”), leiomyoma, intraepithelial 
cyst, melanosis oculi, iridocyclitis, extensive 
peripheral anterior synechiae, inflammatory 
granuloma, metastatic carcinoma, heman- 
gioma, lymphosarcoma, detachment of iris 
pigment epithelium, and hyperplasia of iris 
pigment epithelium. Other rare tumors in- 
clude those of the branched chromato- 
phores.**® 

Benign melanoma is seen with relative 
frequency and should be studied to deter- 
mine absence of the clinical features men- 
tioned previously signifying malignant 
behavior. This lesion tends to be small, flat, 
multiple, and nonprogressive. 

A leiomyoma may be very difficult to 
differentiate clinically from a malignant 
melanoma. Characteristically it contains 
little or no pigment, although light pigmenta- 
tion is occasionally present ; grows as a flat 
poorly demarcated lesion, and tends to ap- 
proach the pupillary margin, with the pro- 
duction of ectropion uveae. This tumor 
may infiltrate the iris in a diffuse manner 
and spread into the angle, but it does not 
exhibit the satellite lesions often seen with 
a melanoma. Final differentiation may de- 
pend upon histologic studies showing the 
interlacing bundles of spindle-shaped 
smooth muscle cells in which myoglia fibers 
can be demonstrated with the Mallory phos- 
photungstic acid-hematoxylin stain, the Mas- 
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son trichrome stain, or the gold impregnation 
stain.® 17 

An intraepithelial cyst may form in the 
pigment epithelium of the iris or ciliary 
body. This can present as a black mass 
in the pupillary space or push the iris root 
forward, simulating a neoplasm. This proc- 
ess may even embarrass the filtration angle 
sufficiently to produce glaucoma or incite 
proliferation and pigmentary changes result- 
ing from contact of the iris stroma and the 
cornea. A cyst is characterized by its 
posterior location, dark color, smooth sur- 
face, transillumination of light, and oc- 
casional indentation of the lens. Contact 
lens examination with a widely dilated pupil 
and focal illumination is helpful in establish- 
ing the diagnosis. 

Melanosis oculi is a congenital unilateral 
increase in the pigment of the potential 
pigment-bearing cells throughout the eye as 
well as of the conjunctiva, lids, and extra- 
ocular muscles. This must be viewed as a 
potentially precancerous condition, with the 
possibility of an intra- or extraocular malig- 
nant melanoma developing in later life.'* 
The melanosis may be confined primarily 
to the iris, causing a form of heterochromia 
irides, and development of a malignant 
melanoma may occur later.’ 

A prolonged iridocyclitis with or without 
secondary glaucoma can be confused with a 
diffuse melanoma, especially in the early 
stages.’ The course of the disease and 
response to treatment should help in differen- 
tiation. 

Extensive peripheral anterior synechiae, 
especially if confined to one quadrant, can 
simulate a melanotic tumor and may require 
careful evaluation, including gonioscopic 
studies, to establish the diagnosis. 

Inflammatory granulomas, occurring as a 
manifestation of such diseases as sarcoid, 
tuberculosis, or syphilis, are usually non- 
pigmented and may be vascularized. Evi- 
dence of the primary disease or of ocular 
inflammation is usually present. 

Metastatic carcinoma is a rare condition 
and clinically is characterized by flatness, 
diffuse borders, lack of pigment, rapid 
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Summary of Cases 


Lecation O'Clock Duration 
Age, & Color Lesion 
Yr. Eye of Lesion Observed 


62 R Diffuse Not recognized 
clinically 


Initially at 9 
with later hetero- 


Many yr. recent 
growth 


Since birth; 
recent growth 


Since childhood; 
irreg. pupil for 
30 yr. 


? Enucleation 


5; light reddish- 
brown 


5; light brown 
4-6; light brown 


. temporal; : Biopsy; enuclea- 
tion refused 


30-8; k 1 yr.; gradual Biopsy; 
geste enucleation 


: wn 18 yr.; grad. Biopsy; 
enlargement enucleation 


- grayish-brown Found on routine Biopsy 
examination 


Spot since Biopsy 
childhood 


6 with ring-type- . 3 mo. 
in angle; 

dark ag many 

freckles, O 

darker in R. E. 


Histology 
Dark-staining, elongated 


of iris, angles & Schlemm's 
canal 


Predom. ape 
cells; occas. nevus-like nests; 
diffuse invasion of iris and 


Non-nucleolated spindle- 
shaped cells; diffuse invasion 
of iris stroma & angle 


Spindle Type B cells; diffuse 
invasion of iris, angle, ant. 

ciliary body, & along scleral 
canals to an extrabulbar mass 


Heavily pigmented cells vary 
ing from small spindle to 
large, irregular, nucleolated, 
oval forms; occas. atypical 
mitosis; diffuse invas. of iris 


Epithelioid with a few spindle 
Type B cells; diffuse invasion 
of iris & angle on side of tumor 


Spindle Type B cells; some 
nest formation; diffuse inva- 
sion of iris on side of tumor 


Spindle-shaped cells; diffuse 
invasion of iris, angle, & ant. 
ciliary body 


Spindle Type A & B cells; 
many nests; diffuse invas. o 
iris, angle, & ant. C. B. on side 
of tumor; patches of tumor 
= in ant. iris of opposite 

e 


Large polygonal cells with 
nucleolated nuclei; nest for - 
mation; diffuse invasion of 
iris; completely excised 


Nevus-like cells with a few 
larger nucleolated forms; nest 
formation; diffuse invasion of 
iris; compl. excised 


Variation from small spindle 
to large round nucleolated 
cells; diffuse invasion of iris in 
area of tumor 


Large pale cells with small 
nucleolated nuclei; diffuse 
invasion of iris; incompletely 
excised 


Spindle Type A & B and epi- 
—— cells; diffuse invasion 


Spindle Type A & B; diffuse 
invasion of iris, angle, & ant. 
C. B. on side of tumor 


Variable oval & polyhedral 
cells; occas. nucleoli; areas of 
nest formation; diffuse invas. 
of iris; completely excised 


Nests of nevoid and spindle 
Type B cells; diffuse invasion; 
uncertain of complete excision 


Cuboidal nucleolated 
dark freckles composed of 

nevoid cells; diffuse invasion 
of iris, angle, & ant. C. B. on 
side of tumor 
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Case Race Sex Glaucoma Therapy 
glaucoma 20 mo.; ronnucleolated spindle- 
enucleation shaped cells, diffuse invasion 
2 W M B_ BR Inferior Not recognized Severe Treatment of 
clinically glaucoma 2 yr.; 
enucleation 
63 L ? Not recognized Absolute Enucleation for 
glaucoma 
3 yr. Severe Treatment of 
glaucoma 3 yr.; 
= enucleation 
brown 
ee 8 R 57;dark brown Since birth; grad- Absent Biopsy; 
= 
6 W M L 5; light orange- Absent Biopsy; 
— 
4 Inferior; brown Absent Biopsy; 
M ? R_ 6-9; grayish- ee 
brown: freckles 
over entire iris 
f 61 L 3 yr.; recent Absent B 
— 
ll w Mm 8 L 6 yr.; recent Absent Biopsy 
Found shortly Absent Enucleation 
‘ 
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Summary of Cases—Continued 


Clock 
Lesion 


le brown; 


Duration 
Lesion 
Observed 


Case Race Sex Age 


Eye 


iris light brown 
with many freckles; 
other iris blue 

with no freckles 


Inf. nasal; dark 
brown 


Sup. nasal; light 
brown; ectropion 
in uvea; angle free 


Change in color 
of iris noted 
6 mo. ago 


Glaucoma Therapy Histology 
Present Biops bene | specimen: nests of 
nevoid cells diffusely infiltrat- 


ing iris; enucleation specimen: 
nests of spindle Type A & B 
cells diffusely infilt. iris, 
angle, & ant. C. B. on both 


Enucleation 


Round to ovoid cells, 


nest formation; ‘diffuse invas. 
of iris and angle on side of 
tumor 


Non-nucleolated spindle cells; 
some nest formation; diffuse 
infilt. complete excision 


Biopsy during 
cataract extr. 


growth, necrosis with secondary inflamma- 
tion and hypopyon, secondary glaucoma, and 
a history of primary carcinoma elsewhere. 

Hemangioma of the iris is another rare 
condition which can be confused with mela- 
noma.*?° Careful slit-lamp study for 
cavernous vessels and search for the 
presence of associated angiomatous lesions 
elsewhere may help in the differential diag- 
nosis, but the diagnosis may be made only 
by histologic examination. 

Lymphosarcoma may be manifested as a 
grayish-white mass in the iris,® with ac- 
companying pain, hypopyon, and hemor- 
rhage. This may rarely be the first sign 
of the disease, but it is usually present else- 
where. 

Reese * mentions that iris melanoma can 
be simulated by detachment of pigment 
epithelium of the iris, which can either hang 
everted through the pupil or pass to the 
dependent portion of the anterior chamber 
and form a cyst, and also by hyperplastic 
plaques of pigment epithelium resulting 
from a long-standing irritative process. 

The questions arise as to whether there 
is a common source or several possible 
origins, whether modifications of termi- 
nology and classification are indicated, and 
whether or not there is any difference in 
prognosis with variation in cell type. 

From a histologic standpoint it is helpful 
in evaluating these tumors to keep in mind 
the features of malignancy?': imperfect 
differentiation, structure not typical of the 
tissue of origin, infiltrative growth of a 
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progressive nature, absence of encapsulation, 
and presence of many mitotic figures. The 
only feature not consistently present is that 
of marked mitotic activity. This feature 
also is not consistently present in malignant 
melanomas of the choroid and ciliary body. 

One of the principle features upon which 
the diagnosis of malignant behavior is based 
in these cases is diffuse invasion of iris 
stroma and contiguous structures. Discus- 
sion of the cytologic nature of this tumor 
often involves comparison with malignant 
melanoma of the choroid, and the decision 
as to whether it should be called malignant 
may be based on that resemblance. Many 
cytologic variations are found, including 
nevus cells resembling those seen in iris 
freckles, small dark spindle cells similar to 
those seen in choroidal nevi or benign mela- 
nomas, cells identical with those in malignant 
melanoma of the choroid, and others, in- 
cluding cuboidal cells resembling iris 
epithelium. In many cases, several of these 
types can be found in the same lesion. 
Nevus-like nests were present in 10 of the 
tumors, both in specimens with predom- 
inantly nevoid cells and in those with spindle 
and epithelioid cells similar to those of 
malignant melanoma of the choroid. 

Figures 1 to 4 are photomicrographs of 
iris nevi or freckles, also called benign 
melanomas, found incidentally in eye bank 
eyes. 

Figures 5, 6, and 7 (Case 11) show dif- 
fuse invasion of the iris stroma. The tumor 
is composed chiefly of nevus cells with a 
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Fig. 1. — Iris nevus, 
showing location confined 
to anterior surface. 


Fig. 2——Higher mag- 
nification of lesion shown 
in Figure 1, demonstrat- 
ing presence of cells with 
small dark uniform- 
staining nuclei of fusi- 
form, polygonal, and 
pyramidal shape. 
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Fig. 3.—Iris nevus with 
denser structure and 
heavier pigmentation 


Fig. 4.—Ins nevus with 
lighter pigmentation. 
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Fig. 5 (Case 11).—Malignant iris melanoma; Fig. 6—Higher 


magnification of Figure 5, 
diffuse stromal invasion. 


showing predominant nevoid cell type. 


Fig. 7—Higher mag- 
nification of Figure 5, 
showing a nest of spindle 
cells with pale, oval, 
nucleolated nuclei (Type 
B, Callender). 
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Fig. 8—Melanoma composed of spindle Type B 
cells (bleached section). 


few larger nucleolated forms not readily 
classified and occasional nests of spindle 
Type B cells.”* 

Figures 8 and 9 (Case 4) show typical 
spindle Type B cells. 

Figure 10 (Case 6) shows the tumor to 
be composed chiefly of epithelioid cells. 


Fig. 9.—Higher mag- 
nification of Figure 8. 
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Figure 11 is a photograph of the involved 
eye in Case 18, demonstrating the main 
tumor body inferiorly, with dark brown 
satellite lesions scattered over the remainder 
of the iris. Figure 12 shows numerous 
lighter-colored nevi on the iris of the op- 
posite side. Figure 13 is a high-power view 
of bleached sections, showing cuboidal cells 
suggestive of iris pigment epithelium ar- 
ranged in small nests. In Figure 14 the 
tumor appears to arise from a heavily pig- 
mented area on the anterior surface of the 
iris. The freckles are shown in Figure 15 
to have a cytology somewhat similar to that 
of the principal lesion. 

Figures 16 and 17 (Case 19) show a 
biopsy specimen with diffuse infiltration of 
the iris stroma by nevus-like nests of ovoid, 
polygonal, and small spindle cells containing 
granular pigment. Tumor extended to the 
edge of the specimen, and enucleation was 
advised. The patient refused for four 
months, until symptoms of severe glaucoma 
induced him to consent. Figure 18 is from 
the enucleated eye and shows extensive in- 
volvement of the angle and ciliary body 
with the same nest-like pattern of tumor. 
However, a high-power view (Fig. 19) 
shows the cell type to be predominantly 
spindle Type B. This suggests the possi- 
bility that in the time between biopsy and 
enucleation the cellular character of the 
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tumor may have progressed to a more 
malignant type and that a similar progres- 
sion might take place in other malignant 
iris melanomas, 


The evidence is suggestive that most, if 
not all, malignant melanomas of the iris arise 
from preexisting nevi. Klien ** describes 
benign melanotic iris tumors which arise at 
the periphery of the dilator muscle at the 
point of transition of the inner layer into 
pigmented ciliary epithelium. One type is 
composed of pigmented spindle cells ac- 
companying the fibrillary extensions of the 
dilator muscle. The other type, slightly 
more frequent, contains groups of deeply 
pigmented cells of an epithelial character, 
usually in an alveolar arrangement. Each 
of the two types usually contains a small 
number of the other type, often with groups 
of clump cells, resulting in a polymorphous 
appearance. She feels that these are benign 
tumors of ectodermal origin and represent 
hamartomas. She presents a case report of 
a malignant iris melanoma appearing on 
histologic examination to arise from the 
posterior layers of the iris, but not from 
the pigment epithelium, suggesting that 
these tumors could have a similar origin. 


Because of the differences in appearance 
and behavior between these and other malig- 
nant melanomas, a histological classification 
such as the following is useful for descrip- 
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Fig. 10—Melanoma composed principally of 
epithelioid cells. 


tive purposes: (1) nevoid-cell type, with or 
without nests; (2) spindle-cell type, with 
or without nests; (3) epithelioid-cell type, 
with or without nests, and (4) nonspecific 
melanoblastic-cell type, with or without 
nests. In this series all cases can be classi- 
fied in one of the above groups, with a few 


Fig. 11 (Case 18) — 
Photograph of an iris 
with a melanoma infer- 
iorly. There are multiple 
nevi, or “freckles,” over 
the rest of the iris which 
are larger and darker 
than those in the opposite 
eye (Fig. 12). 
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Fig. 12 (Case 18).— 
Uninvolved eye. There 
are nearly as many freck- 
les as on the other iris, 
but they are pale brown 
and barely discernible in 
this photograph. 


containing more than one of the cell types. 
Three cases (Cases 11, 17, and 19) contain 
the first cell type, nest formation being 
present in all three; fourteen cases (Cases 
1, 3, 4, 5, 6, 7, 8, 9, 12, 14, 15, 17, 19, and 
21) contain the second type, with nest- 
formation present in five; three cases con- 


Fig. 13 (Case 18).—Bleached sections of the 
tumor show it to contain small nests of cuboidal 
cells. 


tain the third type ( Cases 2, 6, and 14) and 
nest-formation is present in one; seven cases 
(Cases 5, 10, 12, 13, 16, 18, and 20) 
contain the fourth type, with nest formation 
seen in four cases. 

On the basis of present knowledge, it is 
not possible to determine whether or not 
this classification has any significance con- 
cerning origin or prognosis, although it is 
to be expected that some of the answers 
concerning these tumors may be learned 
by continued study of their clinical and 
histological behavior with long-term case 
follow-ups. 


Summary 


A series of 21 malignant melanomas of 
the iris is presented with a discussion of 
their clinical and histological characteristics, 
with emphasis of the differences from 
malignant melanoma elsewhere in the uvea. 

Any pigmented iris lesion showing evi- 
dence of measurable growth, darkening in 
color of the lesion or of the iris as a whole, 
appearance of satellite growths, interference 
with iris motility, invasion of the filtration 
angle by disseminated material, or onset of 
unilateral glaucoma should be studied care- 
fully by all available means, including 
gonioscopy, and followed with drawings and 
photographs. Excisional biopsy should be 
attempted if it seems possible to remove 
the entire lesion or for diagnostic purposes 
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Fig. 14 (Case 18).—This photomicrograph shows the lesion apparently arising from an 
anterior location and not involving the pigment-cell layer of the iris. 


Fig. 15 (Case 18).—Bleached sections of the freckles show a cytology somewhat similar 
to that of the principal lesion. 
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Fig. 17.—Higher mag- 
nification of the nests in 


Figure 16, showing ne- 


void cells. 
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Fig. 19—Higher mag- 
nification of the nests in 
Figure 18, showing spin- 
die Type B cells. 
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Fig. 18 (Case 19).— 
The enucleated eye four 
months later shows nests 
similar to those in the 
biopsy specimen. 
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when necessary. If the tumor appears re- 
moved completely by this means, the eye 
should be observed carefully for evidence 
of recurrence or incomplete removal. 


A histological classification is presented, 
although it is not possible to determine on 
the basis of present knowledge whether or 
not this has any prognostic significance. 


Drs. A. E. Maumenee and Frank C. Winter 
assisted in carrying out this study. 


Division of Ophthalmology, Department of 
Surgery, Stanford University School of Medicine, 
San Francisco 15. 
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Standardization of Objective Visual Acuity 


Measurements 


O pticokinetic Nystagmus vs. Snellen Acuity 


ROBERT D. REINECKE, B.A., and DAVID G. COGAN, M.D., Boston 


The opticokinetic reflex has been used by 
a number of investigators '? to estimate vis- 
ual acuity objectively and, more recently, has 
been utilized by Gorman * in this laboratory 
to estimate the visual acuity of newborn in- 
fants. The present investigation is an at- 
tempt to correlate Gorman’s objective results 
with known subjective visual acuities. 

The opticokinetic reflex is dependent upon 
a reflex arc composed of the retina, optic 
nerve, optic tract, optic cortical areas, asso- 
ciation fibers to the ocular motor centers and 
finally with the cranial nerves 3, 4, and 6. 
The fact that cortical areas are necessary for 
this reflex was early established by Cords * 
and subsequently verified by many others. 
As a result of this, it can be stated confi- 
dently that when the reflex is present the 
subject is capable of vision.® 

Opticokinetic nystagmus (train nystag- 
mus) is present when a visible field is moved 
in front of a subject. This nystagmus has 
a slow and a fast component, the slow com- 
ponent being the fixating or following 
motion, while the fast component is the cor- 
rective portion of the nystagmus.® The latter 
component imparts the noticeable jerk to the 
reflex, which allows the observer to deter- 
mine easily whether the nystagmus is pres- 
ent or absent. 

There have been several types of optico- 
kinetic apparatus designed to test the acuity 
objectively. The commonest consists of a 
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simple drum with alternate black and white 
lines held in front of the subject.? Nicolai 
used a large tall drum, having bands of dif- 
ferent-sized grid arranged so that he could 
display a single band through a window.’ 
Goldman designed a swinging square grid 
which, when viewed by the subject, would 
impart a pendular type nystagmus.” 
Schwarting also used pendular movements 
to estimate visual acuity, employing fine 
wires affixed to a metronome.® All of 
these provide such a small moving field 
that their workability depends upon the 
subject fixating on the moving part of 
the apparatus, thereby making a large 
part of the test subjective. This is especially 
true of the pendular-type tests. The appara- 
tus used here, which is a modification of 
that used by Gorman,* has the advantage of 
subtending a large portion of the visual field. 
In fact, pracgically the entire field may be 
made to move by bringing the apparatus 
close to the patient. At the same time, the 
apparatus is not so large as to be impractical. 


Apparatus 


The field consisted of vertical lines printed 
on heavy paper which was moved between 
two rollers (Fig. 1.) The lines and the 
distance separating them were equal and ar- 
ranged so that they became progressively 
smaller. The lines and their intervals were 
equal so that the results might be based on 
the minimum separable acuity rather than 
on the minimum visible acuity. The lines 
ranged in width from 0.333 to 0.0277 in. 
in seven gradations. The lines will hence- 
forth be referred to on the basis of Snellen 
letters of equivalent thickness. The moving 
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Fig. 1.—Opticokinetic 
apparatus with subject 
seated at 0.5 meter. 


field measured 70 by 32 cm. This field was 
moved continuously during the test by 
means of an electric motor, with the speed 
controlled by a rheostat so that for every 
width of line the same number of lines per 
second could be presented to the subject. 
The apparatus was on an adjustable table 


with the patient seated directly in front of 
it. Illumination was provided by two minia- 
ture reflector flood lamps. 


Procedure 


The subject was seated 1 meter in front 
of the field, with the apparatus so adjusted 
that the subject’s eyes fixed on the center of 
the chart. The chart was started in motion, 
and the subject’s eyes were alternately oc- 
cluded so that each eye could be observed 
during the presentation of each particular 
width of line. As soon as the nystagmus 
was noticed to be absent in one eye, that eye 
was occluded and the other eye observed. 
If both eyes showed nystagmus with all lines 
at 1 meter, the test was then repeated at 2.5 
meters. At this distance the smallest line 
was equivalent to 20/20. The smallest line 
at a distance of 1 meter corresponded to 
20/45. If no nystagmus could be elicited 
with the largest lines at 1 meter, then the 
field was moved toward the subject to a 
distance of 0.5 meter. The smallest width of 
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line which caused an opticokinetic nystag- 
mus was recorded as the finding. 

The examiner did not know the visual 
acuity of the subject until the procedure was 
completed. After the procedure the exam- 
iner measured the Snellen visual acuity, and, 
as a double check, this measured Snellen 
acuity was compared with an acuity deter- 
mined previously by another examiner. 


Results 


The results are plotted on Figure 2. Most 
of the subjects showed definite end-points ; 
however, the few which did not were tested 
again at another distance so that the two 
findings could be checked against each other. 


The correlation coefficient for Figure 2 
was calculated as follows: 
r—-+0.664 
where 
X=raw score of objective (opticokinetic) visual 
acuity 
Y=raw score of subjective (Snellen) visual 
acuity 
>=X=10,269 
=X*=1,715,463 
>Y*=1,250,875 
=X Y=1,242,915 
N=100 
Of the series, only one subject failed to 
show the opticokinetic nystagmus, This was 
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Fig. 2—Raw data indicating correlation between objective and subjective visual acuities. 
Subjective acuities are plotted by the customary fraction, while the objective acuities are 


plotted by the Snellen equivalent denominator. 


a 7-year-old boy who had the slow com- 
ponent but no recovery component. This 
aberrant response, when tested with an op- 
ticokinetic drum, was present in both direc- 
tions. The eyes would simply follow the 
drum to its edge and remain there until the 
drum was deversed. The neurological mech- 
anism of this case has not been explained. 
One malingerer and one amaurotic hysteric 
were tested. Both showed good opticokinetic 
nystagmus. These three cases just mentioned 
were not included in the above chart but are 
mentioned here only to point out variances 
and values of this procedure. 


Comment 


The most valuable observation of the 
above chart is that the Snellen acuity was 
almost always better than the opticokinetic 
acuity. Thus, it can be said that, when the 
opticokinetic response is present with a 
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given width of line, the subject can see at 
least the same Snellen equi, alent and usually 
can see somewhat better. This finding is of 
paramount importance in such a procedure, 
for the test will usually be used with hys- 
terics, malingerers, or small children. 

The correlation coefficient is satisfactory, 
considering the age groups and the double- 
blind technique. This is especially true if 
one considers the strictly objective measure- 
ment of this technique. Some other tech- 
niques, which have been referred to as 
objective, are objective only by means of the 
patient being tricked into following some 
pendulum movement.® In the present tech- 
nique the more a subject tries to obviate the 
movement of his eyes the more brisk the 
nystagmus becomes. This was especially no- 
ticeable in a good number of skeptical col- 
leagues who were sure they could control 
such a nystagmus. Instead, the nystagmus 
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became very brisk when they attempted to 
control it. 


Conclusion 


A method and the equipment have been 
described which will measure the objective 
visual acuity by means of the opticokinetic 
reflex. 

A series of 100 findings were recorded io 
correlate this type of visual acuity with the 
Snellen visual acuity. These acuities corre- 
late well. It was concluded that when a 


finding of a certain magnitude was estab- 
lished by this objective means the subject 
could almost always be found to have at 
least that good and frequently a better Snel- 
len visual acuity. 


243 Charles St. (14). 
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Following Trauma 


Involvement of the external ocular mus- 
cles in classical examples of progressive 
muscular dystrophy is rare. However, an 
isolated dystrophy of these muscles, inap- 
propriately designated as chronic progressive 
nuclear atrophy, has long been recognized. 
Excellent histological studies have convinc- 
ingly revealed its myopathic nature.’ How- 
ever, that some instances of this form of 
dystrophy may be related to classical mus- 
cular dystrophy with involvement of other 
skeletal musculature is apparent from re- 
ports revealing alteration of the latter sub- 
sequent to the ocular disease.’ * 

Although the exact etiology of progressive 
muscular dystrophy is unknown, it is com- 
monly held that hereditary influence may 
play a prominent role in its development. 
Adams, Denny-Brown, and Pearson * have 
considered the defect to represent an inborn 
metabolic fault affecting certain muscles, 
particularly those developing early in fetal 
life, which cannot be sustained in a normal 
state. Recently, Beckett and Bourne * have 
observed an increase of alkaline phosphatase 
in the connective tissue of altere:! muscles 
and have suggested that the excessive break- 
down of high-energy phosphate compounds 
may adversely affect their adequate func- 
tion. Most investigators have paid little at- 
tention to the role of trauma as an etiologic 
factor in progressive muscular dystrophy, 
although Baker ® has included it as a possi- 
ble pathogenic factor. The purpose of this 
report is to present two examples of ap- 
parently isolated progressive ocular dys- 
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Progressive Dystrophic External Ophthalmoplegia 


G. ROBERT SENITA, M.D., and EDWIN R. FISHER, M.D., Pittsburgh 


trophy which first became clinically manifest 
within relatively short periods following 
cranial trauma. 


Report of Cases 


Case 1.—A 33-year-old white man was 
struck on the right supraorbital ridge in an 
airplane accident in 1945. He was not un- 
conscious, and swelling was limited to the 
forehead. Three weeks later he first noticed 
ptosis of the right eyelid aggravated by 
fatigue. For the past several months he has 
noticed diplopia. There was no family his- 
tory of a similar or other muscular disorder. 

Examination revealed almost complete 
ptosis of the right eyelid and a partial ptosis 
of the left. The right eye was maintained 
in outward and upward deviation but could 
be moved laterally and to the midline. There 
was a 48/\ right exotropia and a 164 
right hypertropia in primary gaze. In the 
left eye there appeared to be a definite 
limitation in rotation in all directions. 
Pupillary light reflex was intact, and the 
pupils were equal. Visual acuity of the right 
eye without correction was 20/70; with 
correction, 20/40 (O. D. —4.50+6.50 < 90); 
visual acuity of the left eye without correc- 
tion was 20/30; with correction, 20/30 
(—3.25+3.00X90).  Bell’s phenomenon 
was absent O.U. Corneal reflexes were 
present O.U. The pupils dilated equally 
with 1% cyclopentolate (Cyclogyl). Oph- 
thalmoscopic, slit-lamp, and visual field ex- 
aminations were normal. The ocular tension 
was normal. 

There was no other neurologic deficit ap- 
parent. 

Hemograms, urinalyses, serologic tests 
for syphilis, and blood chemistry determina- 


{ 

it 


EXTERNAL OPHTHALMOPLEGIA FOLLOWING TRAUMA 


tions were all within normal limits. X-rays 
of the skull, optic foramina, orbits, sella 
turcica, thoracic and lumbar spine, pelvis, 
and long bones were also normal. 


Three therapeutic tests for myasthenia 
gravis with neostigmine (Prostigmin) and 
edrophonium (Tensilon)* were negative. 

Resection of 4 mm. of the right medial 
rectus muscle was performed, with a 5 mm. 
recession of the right lateral rectus. A 
biopsy of the right deltoid muscle was also 
done at this time. 

Pathologic Examination.—Sections of 
lateral rectus muscle revealed intermingled 
muscle fibers of varying size separated by 
varying amounts of adipose tissue and rel- 
atively acellular collagen (Fig. 1). In some 
instances the muscle fibers appeared larger 
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Fig. 1 (Case 1).—Sec- 
tion of lateral rectus. In- 
termingled muscle fibers 
of varying size, intersti- 
tial fibrosis, and fatty 
change and proliferation 
of sarcolemmal nuclei are 


evident; 200. 
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than those encountered in sections of rectus 
muscle obtained from patients without evi- 
dence of ocular disease. (Fig. 2). Sar- 
colemmal nuclei were hyperplastic in foci. 
Sections stained by the phosphotungstic 
acid-hematoxylin technique revealed absence 
of myofibrillae and cross striations in oc- 
casional fibers. 

Sections of deltoid muscle failed to reveal 
alteration. 

CasE 2.—A 35-year-old white man lost 
consciousness following an explosion nine 
years ago. Since that time, he had experi- 
enced ptosis followed by diplopia and oph- 
thalmoplegia. His general health had been 
good. There was no family history of any 
muscular disorder. 

Examination revealed complete loss of eye 
movements above the horizontal plane with 
limitation of lateral, medial, and downward 
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gaze. There was a divergent strabismus of 
4A right exotropia and 8A left hypertropia 
in the primary gaze. He was able to elevate 
the eyelids without difficulty, and Bell's 
phenomenon on forceful closure of the lids 
was absent. Rotation of the head upward 
and downward had little effect on the posi- 
tion of the eyes. The pupils reacted to light 
directly and consensually, but accommoda- 
tion was difficult because of lack of con- 
vergence. Visual acuity of the right eye 
without correction was 20/200; with cor- 
rection, 20/20 ( —4.75+3.25X75); visual 
acuity of the left eye without correction, 
15/200 and with correction, 20/25 ( —5.50+ 
5.0095). The corneal reflexes were pres- 
ent. The pupils dilated equally with 1% 
cyclopentolate. Ophthalmoscopic, slit-lamp, 
and visual field examinations and ocular 
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Fig. 2.—Section of lat- 
eral rectal muscle from 
patient without ocular 
disease. Compare with 
Figures 1 and 3; X 200. 


tension were normal. Neurologic examina- 
tion was negative. 

Hemograms, urinalyses, serologic tests 
for syphilis, and blood chemistry determina- 
tions were normal. X-rays of the skull, 
optic foramina, orbits, and sella turcica were 
normal. 

Therapeutic tests for myasthenia gravis 
with neostigmine and edrophonium were 
considered negative. 

Biopsies of the left lateral rectus and 
gastrocnemius muscles were performed. 

Pathologic Examination—Sections of 
medial rectus muscle revealed varying 
amounts of adipose tissue and collagen 
separating muscle fibers of varying size 
( Fig. 3). Sarcolemmal nuclei were increased 
in some areas, and rare muscle fibers lacked 
myofibrillae and cross striations. 
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Fig. 3 (Case 2).—Sec- 
tion of lateral rectus. 
Muscle fibers are sepa- 
rated by fibrous and fatty 
tissue and are of variable 
size; 200. 


Sections of gastrocnemius muscles were 
not remarkable. 


Comment 


The clinical and pathologic features of 
the cases presented are similar to those of 
progressive dystrophic ophthalmoplegia re- 
counted by others. The onset of ptosis pre- 
ceding involvement of other ocular muscles 
and lack of internal ophthalmoplegia have 
been considered characteristic of this dis- 
order.* The dystrophic nature of the changes 
in ocular muscles is indicated principally 
by the haphazard and intermingled distribu- 
tion of various-sized fibers. This feature 
is unlike that observed in neural atrophies, 
in which large and small fibers appear 
segregated into conspicuous groups.® In 
addition, the alterations of sarcolemmal 


Senita—Fisher 


\ 
cells, conspicuous interstitial changes, and 


degeneration of fibers as evidenced by loss 
of myofibrillae and cross striations are com- 


patible with the morphologic changes 
encountered in progressive dystrophic oph- 
thalmoplegia as well as generalized muscular 
dystrophy. 

The relatively sudden onset of these ocu- 
lar mainfestations following trauma is 
strongly suggestive that the latter repre- 
sented a significant etiologic factor in the 
cases presented. We are unaware of similar 
examples of progressive dystrophic ophthal- 
moplegia which have demonstrated such a 
relationship and, aside from the statements 
of Baker,® can find little reference to trauma 
as an etiologic factor in the ocular or 
generalized form of this disease. 
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Although biopsies of the other skeletal 
muscles and clinical observations in the pa- 
tients presented are negative, it would appear 
premature to indicate that these ‘cases repre- 
sent isolated forms of progressive muscular 
dystrophy, since such ocular involvement 
may antedate changes in other skeletal mus- 
cles by many years. 


Summary 

Two examples of external ophthalmo- 
plegia following traumatic episodes are pre- 
sented. The clinical and pathologic features 
are identical with those of progressive 
dystrophic ophthalmoplegia. At present, 
clinical and histologic evidence of involve- 
ment of other skeletal musculature is lack- 
ing. 

Veterans’ 
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Effect of Dichlorphenamide on the Intraocular 


Pressure of Humans 


ENRIQUE GONZALES-JIMENEZ, M.D., and IRVING H. LEOPOLD, M.D., Philadelphia 


Introduction 


The effect of acetazolamide (Diamox), 
a carbonic anhydrase inhibitor, on the in- 
traocular pressure of humans was first re- 
ported by Becker (1954), who pointed out 
the value of this drug in the treatment of 
glaucoma. 

Becker’s observations have been con- 
firmed and extended by other investigators 
(Grant and Trotter, 1954; Breiner and 
Gortz, 1954; Leopold, Eisenberg, and 
Yasuna, 1955). 

At the present time the value of aceta- 
zolamide in the short-term therapy of some 
types of glaucoma has been very well estab- 
lished. 

Considerable evidence has been accumu- 
lated to indicate that acetazolamide is also 
effective in controlling the intraocular pres- 
sure over a long period in eyes with chronic 
glaucoma previously inadequately controlled 
by topical medication (Becker, 1955; Kup- 
fer, Lawrence, and Linner, 1955; Leopold 
and Carmichael, 1956, and others). 

Unfortunately, acetazolamide is not free 
of toxic effects. Undesirable side-reactions 
account for a great percentage of thera- 
peutic failures when the drug is used on a 
long-term basis. 

These facts and the recent availability 
of more potent carbonic anhydrase inhibi- 
tors stimulated our interest to investigate 
some of these new compounds, hoping to 
find one that would be equally effective and 
less toxic than acetazolamide. 

Dichlorphenamide (1,3-disulfamyl-4,5- 
dichlorobenzene) is a potent orally effective 
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carbonic anhydrase inhibitor. It is approxi- 
mately 300 times as potent as sulfanilamide 
and about 30 times as potent as acetazolam- 
ide, on the basis of the concentration re- 
quired to produce 50% inhibition of 
carbonic anhydrase in vitro.2° Dichlorphen- 
amide appears to have no important phar- 
macodynamic action other than that which 
can be attributed to its ability to inhibit 
carbonic anhydrase. 


Clinical Investigation 

The present study was undertaken in 
order to evaluate the effect of dichlorphen- 
amide on the intraocular pressure and dy- 
namics of normal and glaucomatous eyes. 
Observations made on the time required for 
effect, duration of action, and toxicity of 
this drug are also reported here. Finally, a 
comparison between the effect of dichlor- 
phenamide and acetazolamide on the intra- 
ocular pressure of glaucomatous eyes is 
included. 

A. Selection of Patients—The normal 
patients were obtained from the refraction 
clinics and were considered nonglaucoma- 
tous on the basis of a negative history of 
glaucoma, absence of optic disc changes, a 
normal intraocular pressure, and a normal 
coefficient of outflow. No other drugs were 
administered locally or systemically at the 
time dichlorphenamide was tested. 


Patients with known glaucoma, proven 
by repeated tonometric studies, tonography, 
field tests, and gonioscopic examination, 
were taken from the outpatient clinics of 


the Wills Eye Hospital. Selection was 
made entirely on the basis of the patient’s 
ability to cooperate with the experiment. 
In general, the glaucoma of patients in- 
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Taste 1—Hourly Change in Intraocular Pressure (9 A. M. to Noon) in 
Nonglaucomatous Eyes, No Drug Given, Controls 


Case Yr Diagnosis 

1 73 Cataract extraction O. 8S. 
Iridectomy O. 8. 

Refractive error 

3 Immature cataract O. U. 

4 Immature cataract 0. U. 
Diabetic retinopathy 

5 Immature cataract O. U. 
Refractive error 

6 Presbyopia 

7 Presbyopia 


Immature cataract O. U. 
Refractive error O. U. 
Presbyopia 

Refractive error 


Incipient cataract O. U. 


13 Normal eyes 

Mu 74 Incipient cataract O. U. 
15 #0 Refractive error 

16 «661 Refractive error 

17 3% Chalazion O. U., postoperative 
is 649 Refractive error 

19 «671 Incipient cataract O. U. 
2a» & Refractive error 

«63% Refractive error 

2 2 Refractive error 

3 32 F Refractive error 

24 M Refractive error 

36 3 F Refractive error 


Change in Pressure, 


Pressure, Mm. Hg Mm. Hg * 
Eye 0 1Hr. 2Hr. 3Hr. AP: AP: AP; 
0. D. 12 4 —2 0 0 
0.8. M4 “4 13 14 0 —1 0 
oO. D. 16 13 “4 “4 —3 —2 —3 
0. 8. 13 13 13 13 0 0 0 
0. D. 20 20 20 22 0 0 +2 
0. 8. 24 2 20 20 —4 
0. D. 18 18 15 5 0 —3 —3 
0. 8. 17 18 15 17 +1 —3 0 
0. D. 24 22 19 19 —2 —5 —5 
0.8. 4 20 19 19 —4 —5 —5 
0. D. 19 19 19 20 0 0 +1 
0. 8. 19 20 19 20 +1 0 +1 
0. D. 18 18 15> 15 0 
0. 8. 20 18 15 15 —2 —5 —5 
0. D. 17 17 15 0 0 —2 
0. 8. 4 13 13 15 —1 —i +1 
0. D. 2 22 22 2 0 0 —2 
0. 8. 2 2 2 2 0 0 —2 
0. D. 2 16 19 2 0 
0.8. 2 19 19 20 —1 —1 0 
0. D. 2 16 16 18 —4 — —3 
0. 8. 19 19 16 18 0 —3 —1 
0. D. 16 2 19 i9 +4 +3 +3 
0. 8. 19 4 2 19 +5 +1 0 
0. D. 19 22 2 2» +3 +1 +1 
0. 8. 19 22 20 2 +3 +2 +3 
0. D. 24 2 19 20 —4 —5 —4 
0. 8. 20 19 19 19 —1 —1 —1 
0. D. 22 2 22 22 —2 0 0 
0. 8. 19 2 19 19 +1 0 9 
0. D. 17 16 16 16 | 
oO. 8. 19 v7 19 v7 —2 0 —2 
0. D. 4 16 17 17 +2 +3 +3 
0. 8. 7 Vv 17 7 0 0 0 
0. D. 17 19 19 19 +2 +2 +2 
0.8. 19 2 2 20 +3 +3 +1 
0. D. M4 14 “4 “4 0 6 0 
0. 8. “4 13 4 0 0 
0. D. 18 17 17 17 
0. 8. 18 17 17 7 —l 
0. D. 20 2» 22 2 0 +2 0 
0. 8. 16 20 18 18 +4 +2 +2 
0. D. 20 16 17 7 — —3 —3 
0.8. 18 18 20 18 0 +2 0 
0. D. 17 16 20 17 —1 +3 0 
0. 8. 17 16 17 18 —1 0 +1 
0. D. 18 16 13 16 —2 —5 —2 
0.8. M4 13 12 12 -1 —2 —2 
0. D. 30 26 Pi) 26 
0.8. 26 26 0 0 0 
Av. AP:, AP; —0.42 +07 
8. D. +21 423 


* AP,, SP:, AP; indicate change in pressure at the end of one, two, and three hours. 


cluded in this series was fairly well con- 
trolled with miotic therapy. The age, sex, 
race, and type of glaucoma are given in the 
accompanying Tables. 

B. Effect on Intraocular Pressure —The 
effect of a single oral dose of dichlorphen- 
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amide on the intraocular pressure was stud- 
ied in 50 normal and 40 glaucomatous eyes. 

For this purpose tonometric readings 
were obtained before and at hourly inter- 
vals for a period of three hours following 
administration of the drug in dosages of 
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TaBLe 2.—Hourly Change im Intraocular Pressure (9 A. M. to Noon) in 


Nonglaucomatous Eyes After Oral Administration of Dichlorphenamide, 200 Mg. 


Age, 
Case Yr. Race Sex Diagnosis 
: Cataract extraction O. 8. 
Iridectomy O. 8. 
3 8& WwW F Immature cataract O. U. 
4 w F Immature cataract O. U. 
Diabetic retinopathy 
5 w F Immature cataract 0. U. 
Refractive error 
6 52 w M Presbyopia 
F Presbyopia 
WwW M Immature cataract O. U. 
9 w F Refractive error O. U. 
10 5O w M Presbyopia 
12 6&7 w F Incipient cataract O. U. 
1302 N F Normal eyes 
“4 74 w M Incipient cataract O. U. 
6 © WwW F Refractive error 
1 61 N F Refractive error 
17 3% N F Chalazion O. U., postoperative 
Refractive error 
Incipient cataract O. U. 
WwW M Refractive error 
N F Refractive error 
22a WwW iM Refractive error 
32a 32 N F Reftactive error 
“a 20 N M Refractive error 
36 3 N F Refractive error 


1 


Pressure, Mm. Hg Mm. Hg* 

Eye 0 1Hr. 2Hr. 3Hr. AP: APs APs 
0. D. 18 16 13 13 —2 —5 
0.8. 18 4 14 13 —4 —4 —5 
0. D. 22 18 12 12 4 —10 —10 
0.8. 20 15 12 15 —5 —8 —5 
0. D. 18 18 14 16 0 — —2 
0. 8. 18 18 18 18 0 0 0 
0. D. 18 15 18 15 —3 0 —3 
0.8. 18 12 15 15 —h —3 —3 
0. D. 24 17 4 17 —7 —10 —7 
0. 8. 26 16 12 16 —10 —l4 —10 
0. D. 20 14 4 16 — 
0.8. 17 14 12 4 —3 —5 —3 
0. D. 22 “4 16 16 
0.8. 20 16 16 16 4 4 —4 
0. D. 20 13 13 16 —7 —7 — 
oO. 8. 20 16 16 16 —4 4 — 
0. D. 22 18 18 — —8 — 
0.8. 22 18 4 18 —8 —4 
0. D. 18 16 13 14 —3 —5 — 
0.8. 20 16 13 16 —2 —7 —4 
0. D. 18 4 —4 
0. 8. 18 16 “4 —4 
0. D. 22 20 15 18 —2 —7 
0. 8. 22 7 15 15 —5 —7 —7 
0. D. 19 17 13 17 —2 —3 
0.8. 19 17 13 13 —2 
0. D. 24 13 —10 —i1 —10 
0.8. 20 4 13 16 — —7 —4 
0. D. 20 15 16 20 5 — 0 
0.8. 19 15 16 16 — —3 —3 
0. D. 22 18 13 4 — -9 —8 
0.8. 22 18 18 —4 
0. D. 20 16 13 16 — 
0.8. 24 18 4 14 —6 —10 —10 
0. D. 20 20 20 20 0 0 0 
0.8. 17 17 12 17 0 —5 0 
0. D. 16 14 —3 —3 —2 
8. 18 15 14 4 —3 — — 
0. D. 19 4 —5 —5 
0. 8. 19 14 13 4 —5 — —5 
0. D. 18 16 16 16 —2 —2 —2 
0.8. 20 18 15 16 —2 —5§ — 
0. D. 18 15 13 14 —3 —5 —4 
0.8. 18 15 15 —3 
0. D. 19 14 14 14 —5 —5 —5 
0.8. 20 17 17 7 —3 —3 —3 
0. D. 7 14 12 4 —3 —5 —3 
0. 8. 12 12 13 —l —l 0 
0. D. 24 2% 17 20 
0. 8. 16 16 —10 —10 
Av. AP:, APs, AP; —39 -56 —43 

8. D. +26 +36 +25 


* AP;, APs, AP; indicate change in pressure at the end of one, two, and three hours. 


100 and 200 mg. In some instances the 
intraocular pressure was recorded at shorter 
intervals and for a longer period of time 
in order to estimate the rapidity of onset 
and the duration of action of the drug. 
All tensions were determined by the 
same investigator using the same Schiotz 
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tonometer and technique. Tetracaine ( Pon- 
tocaine), 0.5%, was used for topical anes- 
thesia. 

In an attempt to separate the effect of 
miotic therapy from the effect of dichlor- 
phenamide on the intraocular pressure, 
miotics were discontinued in all glaucoma 
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Change in Pressure, 


CONTROLS 


NUMBER OF EVES 


CHANGE IN LOR MM Hg) 


FOLLOWING ORAL 


NUMBER OF EYES 


CHANGE INLO.P (mm He) 


2 HRS. 
cases the night preceding the administration 
of dichlorphenamide. Immediately follow- 
ing each test the usual miotic regimen was 
resumed. 

Prior to the administration of dichlor- 
phenamide, controls were obtained in all 
patients by recording the intraocular pres- 
sure at hourly intervals for a period of 
three hours. This was done in order to 
evaluate the changes in intraocular pressure 
which could be attributed to (1) the phasic 
variations during the three-hour period of 
observation, (2) the effect of discontinuing 
miotic therapy (in the case of glaucoma 
patients), and (3) the experimental error 
involved in tonometry. 

On a subsequent day, usually two days 
later, the same procedure was repeated ex- 
cept for the administration of dichlorphen- 
amide. 

In our opinion this method of study per- 
mits a more accurate evaluation of the 
effect of dichlorphenamide, since the hourly 
changes in intraocular pressure following 
the administration of the drug can be com- 
pared with the hourly changes in intra- 
ocular pressure observed in the same 
patient when no drug was given. 
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A.M. A, ARCHIVES OF OPHTHALMOLOGY 


Fig. 1.—Hourly change 
in intraocular pressure in 
nonglaucomatous eyes (9 
a. m. to noon). 


C. Effect on Aqueous Humor Dynamics. 

The effect of dichlorphenamide on the 
aqueous humor dynamics of normal and 
glaucomatous eyes was studied tonographi- 
cally with use of the method developed by 
Grant. 

For this purpose two tonographic trac- 
ings were obtained from each patient. The 
first was obtained before dichlorphenam- 
ide; the second, usually two days later, 
following the administration of 300 mg. 
of the drug given orally (100 mg. hourly 
for three doses). 

The aqueous flow in cubic millimeters 
per minute (F) was measured in each case, 
with use of the formula F=C(P,.—P,), 
where C is the facility of outflow in cubic 
millimeters per minute per millimeter of 
Hg, P, is the intraocular pressure in milli- 
meters of Hg, and P, is the episcleral ve- 
nous pressure in millimeters of Hg. An 
episcleral venous pressure of 10 mm. Hg 
was used in calculations. 

Only those tracings presenting smooth 
curves and free of artifacts were accepted 
for analysis. 
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Taste 3.—Hourly Change in Intraocular Pressure (9 A.M. to Noon) in 
Glaucomatous Eyes, No Drug Given, Controls 


Diagnosis 


Chronic simple glaucoma O. U. 
Iridencleisis O. D. 


2 8 N F Chronic simple glaucoma O. U. 
3 6 «68 N M Chronic simple glaucoma O. U 
4 83 N M Chronic simple glaucoma O. U. 
f 66 w M Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
7 62 N F Chronic simple glaucoma O. 


U 
U 
U 
Chronic simple glaucoma O. U. 
U 
U 


uv w M Chronic simple glaucoma O. 
10 35 N F Chronic simple glaucoma O. 
il 62 N F Chronic simple glaucoma O. U. 


Narrow-angle glaucoma O. U. 
Absolute glaucoma O. D. 

Chronic simple glaucoma O. 8S. 
Chronic simple glaucoma O. U. 
Chronic simple glaucoma O. U. 
Secondary glaucoma O. U. 

Chronic simple glaucoma O. U. 
Chronic simple glaucoma O. U. 
Surgical aphakia & iridectomy O. D. 
Secondary glaucoma O. U. 


Secondary glaucoma O. U. 


Change in Pressure, 
Pressure, Mm. Hg Mm. Hg * 

Eye 6 1Hr. 2Hr. 3Hr. AP: AP: AP; 
0. D. 12 12 12 12 0 0 0 
0.8. 28 26 0 —2 
0. D. 35 35 35 35 0 0 0 
0.8. 38 35 35 35 —3 —3 —3 
0. D. 33 37 37 37 4 +4 +4 
0.8. 33 33 35 40 0 +2 +7 
0. D. 37 35 35 35 —2 —2 —2 
0.8. 37 35 37 35 ~2 0 —2 
0. D. 35 32 35 35 —3 0 0 
0.8. 30 36 38 35 +6 +8 +5 
0. D. 23 2 28 29 0 0 +1 
0.8. 2 23 32 33 0 +4 +5 
0. D. 30 28 28 30 —2 —2 0 
0. 8. 2 17 17 20 —3 —3 0 
0. D. 32 35 30 32 +3 —2 0 
0.8. 32 32 32 32 0 0 0 
0. D. 2 24 20 2B +1 —3 
0.8. 30 30 26 0 —4 
0. D. 26 26 30 +2 0 +4 
0.8. 2% 25 0 +2 
0. D. 37 35 35 30 —2 —2 —7 
0.8. 37 40 40 37 +3 +3 0 
0. D. 28 2 30 35 0 +2 +7 
0.8. 30 35 40 40 +5 +10 +10 
0. D. 72 72 68 72 0 —2 0 
0.8. 2 29 29 29 0 0 0 
0. D. 32 32 37 35 0 +5 +3 
oO. 8. 37 35 37 37 —2 0 0 
0. D. 23 30 26 23 +2 —2 0 
0. 8. 2% 26 24 26 0 —2 0 
0. D. pay 21 23 20 —3 —1 —4 
0.8. 35 35 35 37 0 0 +2 
0. D. 35 45 49 45 +10 +4 +10 
0.8. 40 40 40 40 0 0 0 
0. D. 52 52 52 56 0 0 +4 
0.8. 33 33 33 33 0 0 0 
0. D. 23 23 23 23 0 0 0 
oO. 8. 30 32 30 23 +2 0 —2 
0. D. 20 23 26 24 +3 +6 +4 
oO. 8. 23 21 24 26 —3 +1 +3 

Av. AP;, AP:, AP; +0.4 +0.8 +13 
Ss. D. +26 +36 +3.5 


* AP,, AP:, AP; indicate change in pressure at the end of one, two, and three hours. 


D. Dichlorphenamide vs. Acetazolamide. 


The effect of a single oral dose of aceta- 
zolamide (250 mg.) was studied in 15 of 
the glaucomatous patients included in this 
series. The average hourly changes in in- 
traocular pressure observed in these pa- 
tients when no drug was given, after oral 
administration of dichlorphenamide (200 
mg.), and after oral administration of acet- 
azolamide (250 mg.) were calculated for 
the purpose of comparison. 
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Results 


A. Effect on Intraocular Pressure of 
Normal Eyes.—The hourly changes in in- 
traocular pressure observed in the 50 nor- 
mal eyes included in this series when no 
drug was given (Table 1) and after the 
administration of 200 mg. of dichlorphen- 
amide orally (Table 2) are graphically 
illustrated in Figure 1 for the purpose of 
comparison. 
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Age, 
Case Yr. Race Sex 
oF 
N M 
2 #6 M 
a 
= 


A.M. A. ARCHIVES OF OPHTHALMOLOGY 


Taste 4.—Hourly Change in Intraocular Pressure (9 A.M. to Noon) in 
Glaucomatous Eyes After Oral Administration of Dichlorphenamide, 100 Mg. 


Diagnosis 


Chronic simple glaucoma O. 
Iridencleisis 0. D. 
Chronic simple glaucoma O. 


Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 


Narrow-angle glaucoma O. U. 


Absolute glaucoma O. D. 

Chronic simple glaucoma O. 8. 
Chronic simple glaucoma O. U. 
Chronic simple glaucoma O. U. 
Secondary glaucoma O. U. 

Chronic simple glaucoma O. U. 
Chronic simple glaucoma O. U. 
Surgical aphakia & iridectomy O. D. 
Secondary glaucoma O. U. 


Secondary glaucoma O. U. 


Race 
w 
N 
N 
N 
w 
Ww 
N 
w 
w 
N 
N 
w 
N 
N 
N 
N 
N 
w 
w 
N 


Change in Pressure, 


Pressure, Mm. Hg Mm. Hg * 


1Hr. 2Hr. 3Hr. 


Av. APs, AP; 
8. D. 


* AP,, APs, AP; indicate changes in pressure at the end of one, two, and three hours. 


The results obtained indicate that dichlor- 
phenamide produces a lowering of the in- 
traocular pressure in normal eyes. 

At the end of three hours, for example, 
the changes in intraocular pressure ob- 
served when no drug was given were as 
follows: no change in 16 eyes, increase of 
1 to 3 mm. Hg in 12 eyes, and decrease 
of 1 to 5 mm. Hg in 22 eyes. The average 
change in intraocular pressure was —0.7 
mm. Hg. In contrast to this, the changes 
observed after a single oral dose of dichlor- 
phenamide (200 mg.) were as follows: no 
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change in 5 eyes and decrease of 1 to 8 mm. 
Hg in 45 eyes. The average change in in- 
traocular pressure was —4.3 mm. Hg. 

B. Effect on Intraocular Pressure of 
Glaucomatous Eyes.—The hourly changes 
in intraocular pressure observed in the 40 
glaucomatous eyes included in this series 
when no drug was given (Table 3) and 
after oral administration of dichlorphenam- 
ide in dosages of 100 and 200 mg. (Tables 
4 and 5, respectively) are graphically illus- 
trated in Figure 2. The results obtained 
indicate that dichlorphenamide produces a 
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4 Age, 
1 61 —2 —5 = 
2 F 0 0 
—3 —3 
3 0 +2 
—3 0 
4 —7 
—5 
5 
—2 —6 
6 —6 
—8 —10 
7 —3 0 
—3 —3 
8 —s -5 
‘ —3 
9 
-7 
-3 -6 
ul 0 o -2 
+2 0 +2 
— —3 +3 
3 0 0 0 
+ -4 
4 -12 —9 
—3 —8 
15 o -2 
| 16 +2 +2 +7 
+3 +1 
17 —12 -12 —-17 
—2 
18 —2 -12 
—2 -4 
19 —7 —10 
—6 —9 
: —3 
+30 +45 +52 
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Tasre 5.—Hourly Change in Intraocular Pressure (9 A.M. to Noon) in 
Glaucomatous Eyes After Oral Administration of Dichlorphenamide, 200 Mg. 


Diagnosis 

Chronic simple glaucoma O. 
Iridencleisis O. D. 

Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 
Chronic simple glaucoma O. 


Chronic simple glaucoma O. 


q 


Chronic simple glaucoma O. 
Narrow-angle glaucoma O. U. 
Absolute glaucoma O. D. 


Chronic simple glaucoma O. 8. 
Chronic simple glaucoma O. U. 


Chronic simple glaucoma O. U. 


Z 


Secondary glaucoma O. U. 


Chronic simple glaucoma O. U. 


Surgical aphakia & iridectomy O. D. 
Chronic simple glaucoma O. U. 
Secondary glaucoma O. U. 


M 
F 
F 
M 
F 
F 
M 
F 
F 
F 
M 
M 
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Secondary glaucoma O. U. 


Change in Pressure, 


SP, 


Av. APs, AP; 
8. D. 


* AP., AP:, AP; indicate change in pressure at the end of one, two, and three hours. 


lowering of the intraocular pressure in 
glaucomatous eyes. At the end of three 
hours, for example, the changes in intra- 
ocular pressure observed when no drug was 
given were as follows: no change in 17 
eyes, increase in tension of 1 to 10 mm. Hg 
in 15 eyes, and decrease in tension of 2 
to 7 mm. Hg in 8 eyes. The average change 
in pressure was +1.3 mm. Hg. 


In contrast to this, the changes observed | 


after 200 mg. of dichlorphenamide were as 
follows: no change in 3 eyes, an increase 
in tension of 1 to 5 mm. Hg in 4 eyes, and 
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decrease in tension of 1 to 25 mm. Hg in 


33 eyes. The average change in pressure 
was —6.8 mm. Hg. 


C. Effect on Aqueous Humor Dynamics. 
The effect of dichlorphenamide on the 
aqueous humor dynamics of normal and 
glaucomatous eyes is summarized in Table 6. 
From the results obtained it is evident 
that this drug lowers the intraocular pres- 


, sure by decreasing the net rate of outflow 


of aqueous humor (equivalent to net rate of 
formation) in the intact eye. 


433 


ei Pressure, Mm. Hg Mm. Hg * 
Age, 3 
—3 
0 
5 (66 M —5 
6 82 M =") 
E 7 62 F ~9 
8 7 F 
—10 
9 70 +1 
0 
10 35 
ll 62 —2 
+3 a 
12 6 
13 
“4 667 0 
+2 
80 +4 
—12 
1876 
19 «67 
2 42 —12 
—17 
+56 +59 +466 
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CONTROLS 


WUMBER OF EYES 


+4 
“0 


CHANGE LOP Hg) 


3 WAS. 


& FOLLOWING ORAL DICHLORPHENAMIDE 100 mg 

3 

= 

ow a7 43 40 s ca 45 40 3 ° 

CHANGE LOR ( mm Hg) 

2 was Sees. 
. FOLLOWING ORAL DICHLORPHENAMIDE 200 mg 


43 3 


twa. 


owe = 4s 40 25 4s +0 Ort 


Fig. 2.—Hourly change in intraocular pressure in glaucomatous eyes (9:00 a. m. to noon). 


Aqueous humor formation was inhibited 
by an average of 39.5% in normal and 
39.0% in glaucomatous eyes. 

D. Pharmacologic Observations.—After 
the administration of a single oral dose of 
dichlorphenamide (200 mg.) to susceptible 
patients the intraocular pressure begins to 
fall within 30 minutes and reaches a maxi- 
mum within 2 hours, and the reduction of 


TaBLe 6.—Effect of Orally Administered 
Dichlorphenamide on Aqueous 
Humor Dynamics * 


Diagno- 
sis P:t Pst Cit Cst F:§ 
Normal 
(Weyes) 15.8 13.4 0.17 0.17 0.94 0.58 39.5 
Glat- 
coma 
(2 eyes) 30.0 21.9 0.09 0.09 1.36 0.85 39.0 


* Figures given represent the average of the values found in 30 
normal and 29 glaucomatous eyes. 

t P,, P:, intraocular pressure, in millimeters of mercury be- 
fore and after dichlorphenamide. 

t C., C2, facility of outflow, in cubic millimeters per minute 
per millimeter of Hg, before and after dichlorphenamide. 

§ F., Fs, aqueous flow, in cubic millimeters per minute before 
and after dichlorphenamide. 


| % AF indicates *« 100. 
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tension is maintained for approximately 6 
hours. 


No undesirable effects were reported by 
any of the patients after dichlorphenamide 
taken in single oral doses of 100 or 200 mg. 


Paresthesias, anorexia, nausea, vomiting, 
weakness, polyuria, and mental confusion 
were reported by some patients after re- 
peated daily doses of 600 mg. (200 mg. 
t. i. d.). No signs of ocular toxicity have 
been observed. 


All symptoms disappeared when the drug 
was discontinued. 


TaBLe 7.—Average Hourly Change in Intraocular 
Pressure in Glaucomatous Eyes When no Drug 
Was Given, After Orally Administered 
Dichlorphenamide (200 Mg.) and 
After Orally Administered 
Acetazolamide (250 Mg.) 


Drug Av.AP.* Av.AP:* Av.AP;* 
No drug given +0.33 +1.53 +1.80 
Dichlorphenamide (200 mg.) —3.1 —4.0 —4.6 
Acetazolamide (250 mg.) —18 —3.2 —41 


* Av. SP:, APs, average change in intraocular pressure, 
in millimeters of Hg, at the end of one, two and three hours. 
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E. Dichlorphenamide vs. Acetazolamide. 


The effect of oral administration of 
dichlorphenamide (200 mg.) and acetazol- 
amide (250 mg.) on the intraocular pres- 
sure of 15 of the glaucoma patients 
included in this series is summarized in 
Table 7. Dichlorphenamide will lower in- 
traocular pressure at least as successfully 
as acetazolamide. It produces this effect at 
lower dosage. 

In 25 patients treated with dichlorphen- 
amide and miotics for six months the pres- 
sure has been well controlled for the entire 
period. No skin rashes, agranulocytosis, or 
renal calculi have been encountered to date, 
but anorexia, weight loss, paresthesias, de- 
pression, and confusion have occurred. 
Whenever the dosage was increased over 
600 mg. in 24 hours these side-effects 
became more intense. 


Three patients who could not tolerate 
acetalozamide because of side-effects have 
been satisfactorily maintained with dichlor- 
phenamide. The reverse has not occurred. 


Summary 


Dichlorphenamide, a carbonic anhydrase 
inhibitor, will reduce aqueous humor for- 
mation and lower intraocular pressure in 
normal and glaucomatous eyes. The dosage 
required is less than is required with aceta- 
zolamide (Diamox). Side-effects occur as 
with acetazolamide. Dermatitis and renal 
calculi have not been observed with dichlor- 
phenamide in this series but should be 
watched for carefully in all patients given 
this agent. A few patients who could not 
tolerate the side-effects due to acetazolam- 
ide were comfortable when receiving di- 
chlorphenamide. 


Conclusions 


1. Dichlorphenamide will lower intra- 
ocular pressure in normal and glaucomatous 
eyes. 

2. Dichlorphenamide lowers intraocular 
pressure at a lower dosage schedule than 
is required for acetazolamide. 
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3. The duration of action of a single 
dose of dichlorphenamide (100 to 200 mg.) 
is approximately six hours as determined 
by tonometry. 

4. Side-effects are encountered with di- 
chlorphenamide as with acetazolamide, but 
some patients tolerate dichlorphenamide 
more readily than acetazolamide. 

5. Tonographic studies indicate that 
aqueous humor formation is inhibited in 
both normal and glaucomatous eyes. 


Wills Eye Hospital, 1601 Spring Garden St. 
(30) (Dr. Leopold). 
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Most surgical procedures for the treat- 
ment of retinal detachment employ the use 
of high-frequency currents, conveyed to the 
site by a needle electrode. The local heating 
produced by the passage of these currents 
stimulates an adhesive choroiditis.' The 
surgeon has little idea of the amount of 
current generated by his machine, nor does 
he measure the current that passes into the 
tissue. Needles of different diameter, dif- 
ferent length, and different active surface 
are used. It is not surprising that the 
results of treatment are variable and that 
sometimes side-effects follow electrosurgi- 
cal treatment.? It is imperative to determine 
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and to quantify the current characteristics 
which will produce the desired therapeutic 
effect without causing unnecessary injury 
to the tissue. 


This study was undertaken to determine 
the extent to which these requirements can 
be met, with use of equipment commonly 
employed in this type of surgery. The cur- 
rent most frequently used is generated by a 
spark gap; we used a Walker Diathermy 
unit. The histological examination of the 
lesions, correlated with the current vari- 
ables employed to produce them, will be 
reported elsewhere. 


Materials and Methods 


Figure 1 shows a schematic diagram of 
the apparatus used for measurement and 
treatment. The unit served two functions. 
The first was an arbitrary method for meas- 
uring indirect impedance: A 1 megacycle 1 
volt sine wave, produced by a signal genera- 
tor (Hewlett Pakard Model 650-A, num- 
bered 1 in the diagram), was passed through 
the tissue from electrodes (9T, 97). This al- 
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Fig. 1—Diagram of 
the measuring and treat- 
impedance | these experiments. Its 
use is described in Ma- 
' ' terials and Methods sec- 
tion. 
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ternating current was rectified (6), and its 
value was read on a D. C. microammeter 
(7). The sensitivity control (8) was ad- 
justed for a meter deflection of about half 
scale. The current was then passed through 
a calibrated 10,000 ohm potentiometer (10) 
and associated leads. By adjustment of this 
calibrated potentiometer, the same amount 
of current was passed through the tissue 
and associated leads as passed through the 
calibrated potentiometer and associated 
leads. The indirect impedance was thus 
read from the calibrated potentiometer. 

The second function was a method for 
measuring relative impedance: The current 
from a spark-gap generator (2), whose 
basic frequency component was about 1 
megacycle, was passed through the tissue 
and associated leads. Direct readings were 
taken on an R. F. voltmeter (3) and R. F. 
milliammeter (4). The relative impedance of 
the leads and tissue between the electrodes 
was calculated from these readings. 

Throughout this paper the impedance 
values derived as in the first function will 
be called “indirect impedance” and the im- 
pedance values derived from the second 
function will be called “relative imped- 
ance.” 

The electrodes were of two kinds, treat- 
ment electrodes (97) and indifferent elec- 
trodes (9/7). The treatment electrodes were 
the type commonly employed in retinal re- 
attachment ; they were small cylinders about 
2 mm. in diameter with conical tips. The 
lengths of the noninsulated tips were 0.3 
mm., 0.6 mm., 1.0 mm., and 1.6 mm. By 
virtue of the tip length, the electrodes 
were placed in different tissue layers of 
the eye. 

The indifferent electrode was a % in. 
square of silver-plated copper, clamped to 
the contralateral ear. 


Surgical Procedure 


The experimental animals were rabbits 
of the albino strain, except for one series 
which had pigmented eyes. The anesthetic 
agent was pentobarbital sodium, 35 mg. per 


438 


A.M. A, ARCHIVES OF OPHTHALMOLOGY 


kilogram of body weight, administered in- 
traperitoneally. The animals were posi- 
tioned on the operating table, and their 
heads were fixed in a specially designed 
head holder. A retrobulbar injection of 1% 
lidocaine (Xylocaine) solution was given, 
and the area around the treatment point was 
infiltrated with a 1% tetracaine (Ponto- 
caine) solution. The eye was proptosed 
and held in position with a clamp; the 
conjunctiva was removed from the area of 
treatment. The treatment electrode was 
inserted about 4 mm. behind the limbus 
and held in place by an electrode holder. 
By selection of electrode tip length, differ- 
ent tissue layers of the eye were treated, 
and measurements of indirect impedance 
were made. With the electrodes in place, 
an R. F. current from the spark-gap gen- 
erator was applied for a specific period of 
time (usually five seconds). On termina- 
tion of the treatment, the indirect imped- 
ance was again measured. Each eye was 
treated in several places. 

The frequent application of saline to 
prevent drying of the exposed sclera had no 
measurable effect on the impedance. 


Results 


Figure 2 shows the impedance of treat- 
ment electrodes of four different lengths. 
There is a general decrease in impedance 
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Fig. 2—The relationship between impedance and 
electrode length. The vertical bar indicates the 
depth of penetration, and the number in paren- 
theses indicates the length in millimeters of the 
treatment electrode. The solid line is a theoretical 
relationship between surface area of a cylinder 
(2arh) and its impedance. The points are mean 
values of 20 determinations. The treatment elec- 
trode was 2 mm. from the limbus, and the in- 
different electrode was on the contralateral ear. 
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with an increase in electrode length. Since 
the amount of local heating is a function 
cf current density, the active surface of the 
electrode is compared with the impedance. 
If the tips of the treatment electrodes are 
assumed to be different shapes (cones, 
cylinders, etc.) and the calculated surface 
area is compared with the impedance, the 
best fit occurs when the shape of the treat- 
ment electrode is a cylinder. The physical 
shape of all the electrodes was cylindrical 
with a small irregularly shaped cone at the 
terminal end. The calculation indicates that 
the conical tip is similar in all the elec- 
trodes. Since the longer electrodes which 
reach the retina also penetrate and measure 
the sclera and choroid, the impedance meas- 
urements indicate that the different layers 
of the eye are similar in restraining current 
flow and that their impedance is the same 
as that of saline. 

The impedance values before and after 
treatment were approximately the same at 
low currents. (At dial settings of 35 there 
was an output of 18 ma. against a relative 
impedance of 40,000 ohms.) There was, 
however, a tendency for the relative imped- 
ance to decrease progressively as successive 
treatments were given to the same region 
of the same eye. This drop in relative im- 
pedance (Table 1) was matched by a cor- 
responding rise in current of several tenths 
of a milliampere. As successive treatments 
were given to an identical site in the same 
eye, the impedance of the tissue decreased 
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TABLE 1.—Impedance Changes with Repeated 


Treatment * 
Indirect 
Treatments Treatment Impedance 
at Same Locus, No. Current, Ma. Ohms 
4,600 
10.9 4,300 
11.4 3,900 
11.6 3,600 


* The same locus was treated successfully for five to eight sec- 
onds with a 0.3 mm. needle electrode 2 mm. from the limbus. 
Output dial setting remained constant. The numbers are mean 
values of 10 experiments. 


and the resulting current flow through the 
tissue increased, although the generator 
output control was not altered. When pass- 
ing currents were greater than 18 ma., 
there was a rise in the impedance during 
the treatment, but after the treatment it 
rapidly fell to the lower level of the low- 
current-treated eyes. 

During the course of an experiment we 
observed a gradual change in the impedance 
and suspected that it was varying with the 
anesthetic level. Figure 3 shows the results 
of a series designed to test the hypothesis 
that impedance varies with the anesthetic 
level of the animal. In this series the elec- 
trodes were maintained in position while 
the anesthetic level was regulated by chang- 
ing the “dosage” or waiting for a “deep” 
anesthesia to become “light.” The criterion 
of depth of anesthesia was pupillary or 
corneal reflex and dosage. 


In the curve 


Fig. 3—Relation of 
depth of anesthesia to in- 
direct impedance. The 
treatment electrode was 2 
mm. from the limbus, and 
the indifferent electrode 
was on the contralateral 
ear. The points on the 
curve are means of 24 
experiments on 12 differ- 
ent animals. 
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with open circles of Figure 3 the desired 
anesthetic level was obtained by regulating 
the amount of intratracheally administered 
ether. At 0 time there was an absence of 
the corneal reflex and the pupil was con- 
stricted. The indirect impedance measured 
was 55,000 ohms. When the ether flow was 
decreased for 15 seconds, the indirect im- 
pedance rose to 66,000 ohms. There was 
some indication of the return of the corneal 
reflex. When ether was readministered for 
15 seconds the reflex disappeared and the 
indirect impedance fell to 50,000 ohms. In 
the curve of closed circles the anesthetic 
agent was intrapleuraily administered pen- 
tobarbital sodium. At the beginning of this 
series the animal had lost the pupillary re- 
flex and the pupils were dilated. The indi- 
rect impedance was 52,800 ohms. There 
was a gradual increase in impedance at the 
rate of 1800 ohms per hour during the 
experiments. There was also a gradual de- 
crease in anesthetic level. After 60 minutes, 
picrotoxin was injected intravenously. 
There followed a rapid restoration of re- 
flexes and an increase in indirect impedance 
to 67,200 ohms. Upon injection of pento- 
barbital the reflexes were lost and the indi- 
rect impedance was again decreased. 

The macroscopic effects of treatment 
were studied on formalin-fixed enucleated 
eyes. The cornea, iris, and lens were re- 
moved. An anterior-posterior cut was made 
through the sclera, choroid, and retina. A 
dark opaque spot was interpreted as coagu- 
lation. This was confirmed by probing with 
a fine wire beneath the retina. A light spot 
was interpreted as a perforation, and the 
probe could be seen beneath the retina. 
The results are summarized in Table 2. The 
effects are more variable for the 0.6 mm. 
needle than for the smaller needle. With 
treatment currents of less than 16.5 ya., 
neither coagulation nor perforation oc- 
curred. When high currents of more than 
18.3ua. were used, perforations were found 
in all the eyes tested. The maximum num- 
ber of coagulations occurred when the 
treatment currents of 17ya. were passed for 
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TaBLe 2.—Macroscopic Effect of Treatment * 


Av. 3 mm. Needle 6 mm. Needle 
Dial Current, 

Setting Ma. Odays 5idays Odays 5days 
25.0 15.0 5a Se 5a 5a 
27.5 16.5 4o 

2. le 
30.0 17.0 5e 5e le 5e 
5p 
32.5 18.3 5p 26 le 30 
lp 5p 3p 
35.0 19.0 3p 3p 


* The numbers heading the columns, under needle length, in- 
dicate the days elapsed between treatment and examination. 
The first ber indi the ber of cases studied, and the 
second number denotes the result; subscript , indicates no effect; 
subscript . indicates coagulation, and subscript , indicates per- 
foration. The figures for average current were obtained with a 
dummy load of 10,000 ohms. 


five seconds with the treatment needle in 
the choroid layer. 


Comment 


The effects of diathermy treatment are 
produced by the amount of current passing 
through a unit volume of tissue. The pass- 
age of current in this alternating current 
system is controlled by the impedance of 
the system. Some of the factors which 
affect this impedance are easily measured 
and controlled with simple equipment. 
Others are more difficult. 

The measurements in this paper illus- 
trate that the simple controllable factor is 
the active surface of the treatment elec- 
trode. Because the treatment electrode is 
extremely small in comparison with the 
indifferent electrode, the current must pass 
through a section of tissue that is roughly 
conical. The greatest current density is at 
the surface of the smaller treatment elec- 
trode, and it is at this point that there is 
the greatest restraint of current flow and 
that heating is maximal. When the treat- 
ment electrodes are considered as simple 
cylinders and if the difference between elec- 
trodes is the length of the cylinder, it is 
found that the impedance decreases linear- 
ly as the surface increases. This results 
in an increased flow of current through the 
total system, but the current flow through 
a unit of electrode surface decreases. This 
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results in a lower current density and 
should decrease the heating in a unit vol- 
ume of tissue. 


The impedance measurements include all 
the tissues between the electrodes, from the 
eye to the ear, but they are essentially meas- 
urements of the impedance of the tissue 
that is in contact with the surface of the 
electrode, because the current density is 
the greatest at the electrode surface. That 
there was a decreasing impedance as more 
and more tissues were measured and that 
this was a linear relationship between elec- 
trode surface and impedance indicates that 
there is no significant electrical difference 
between layers of the eye.* These measure- 
ments further indicate that at low voltage 
the current is passing through a system 
similar to saline, probably the extracellular 
fluid. At high-current dosages there is 
greater drying of the tissue, increasing the 
probability of current following a blood 
vessel and causing its rupture.” 

The factors which are less controllable 


or are more difficult to measure are changes 
in impedance with treatment and anesthetic 
level. With treatment, the passage of cur- 
rent through the tissue produces a decrease 
in impedance, and the result is that the 
passage of current is increased. 


The inverse relationship of tissue im- 
pedance to depth of anesthesia means that 
the current flow through the tissue will vary 
directly with the depth of anesthesia. When 
it is assumed that the impedance measure- 
ments indicate that the current flow is 
through the extracellular fluid, it might be 
concluded that the anesthetic either in- 
creases the volume or increases the conduc- 
tivity of the extracellular fluid by causing 
the cells to lose water or electrolytes. The 
impedance measurements might be devel- 
oped as a reliable indicator of anesthetic 
level. Although there are uncontrolled var- 
iables of difference between individual sub- 
jects and in depth of anesthesia, in our best 
series we were able to produce 100% 
coagulations and 0 perforations by applying 
1150 milliwatts for 8 seconds with a 3 mm. 
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treatment needle. The gray matter of the 
brain is charred by 450 milliwatts in 8 to 
10 seconds.* The eye tissues are consider- 
ably more resistant to charring. 

To produce consistent results this treat- 
ment equipment requires precise and rapid 
control of the current output. Ideally it 
should include an impedance and current- 
monitoring system with automatic current 
output control. The different generators 
we examined had extremely variable out- 
puts, and the controls are marked only in 
relative units. 

In the usual treatment of retinal detach- 
ment the amount of diathermy current ap- 
plied is judged by the operator, who 
subjectively interprets the color of the 
burned region. If the color of the burn is 
not “just right,” the generator output is 
increased and another dose of diathermy 
is applied.” 

In lieu of equipment with accurate abso- 
lute control, it is suggested that a simple 
relative impedance bridge be incorporated 
into existing equipment and that successive 
treatments be made with smaller dial set- 
tings to compensate for the decreased im- 
pedance, thus decreasing the possibility of 
perforation or rupture of blood vessels. 


Summary 

The impedance measurements on the 
electrodes indicate that they are like cylin- 
ders, and when the electrodes are used in 
the tissues of. the rabbit eye these tissues 
have no significant differences in imped- 
ance. The major part of the current is 
flowing through the extracellular fluid, and 
it is electrically similar to saline. It is de- 
duced that the greatest current density 
occurs in the liquid at the surface of the 
electrode and that a maximal heating would 
occur at this site. 

The impedance of the tissues decreases 
with the passage of current during treat- 
ment and with the lowering of anesthetic 
level. Both passage of current and increase 
in the amount of anesthetic add to the con- 


41 


= ¥ 
; 


ductivity of the extracellular fluid by in- 
creasing its volume or increasing its salt 
content, 


Both the passage of current through the 
tissue and the depth of anesthesia have been 
measured subjectively in the past, thus 
making it impossible to predict accurately 
the amount of current necessary for coagu- 
A minimal measuring system and 
procedure are suggested, with which we 
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obtained 100% coagulations and no perfora- 
tions. 
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Corneal Donor Selection by Blood Type 


WILLIAM H. HAVENER, M.D.; GEORGE T. STINE, M.D., and LARRY L. WEISS, B.A., Columbus, Ohio 


Technical perfection of the procedure of 
corneal transplantation has reached a point 
where mechanical difficulties are insignificant 
as a cause of graft failure in an uncompli- 
cated case. Nevertheless, an excessively 
large proportion of corneal grafts become 
opaque during the first several months fol- 
lowing surgery. Some type of tissue in- 
tolerance has been postulated as the cause 
of this delayed opacification. 

That some grafts remain clear and some 
do not suggests the possibility of matching 
donor with recipient in some way, thereby 
achieving a higher proportion of success- 
ful transplants. It is well recognized that 
matching of donor and recipient by blood 
type is essential in avoiding transfusion 
reactions. Blood type antigens and anti- 
bodies have been demonstrated to exist in 
cornea and aqueous, respectively. At the 
present time, however, it is not customary 
for the eye banks to make any attempt at 
matching blood types of donor and recipient. 

For over two years we have been inter- 
ested in the problem of late clouding of the 
corneal graft, with particular reference to 
the possible significance of blood group 
antigens. Familiarity with the problems of 
an eye bank makes it apparent why blood 
typing of corneas has not been previously 
studied. Shortage of available corneas has 
created a competitive situation wherein each 
patient and surgeon await their turn and 
accept the first cornea available. Shipment 
of eyes from a hospital to a separate eye 
bank does not include any accompanying 
information as to blood type. The recipient 
surgeon does not relay information as to 
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the patient’s blood type. The complexities 
of obtaining permissions and removing and 
transporting eyes and the urgency with 
which the procedure is carried out are such 
that one does not enthusiastically accept the 
added task of “typing’’ corneas—unless, of 
course, this has proven benefits. It will be 
apparent from our statistics that, despite 
our interest in the significance of blood 
types, we have adequate information on this 
point in only 21 of our 80 cases. 

Although the patient is interested in how 
well he can see, visual acuity alone is not 
an acceptable criterion of success of a cor- 
neal transplant. Cataract, vitreous opacities, 
chorioretinal scars, optic atrophy, retinal 
detachment, etc. may render the clearest 
transplant useless. For purposes of this 
study, we have classified patients in only 
four groups, namely, blood-group-compatible 
transplant or blood-group-incompatible 
transplant and clear or cloudy result (Table 
1). The distribution of these cases between 
compatible successes and incompatible fail- 
ures is notable. It should be stated that the 
blood type data, although recorded in the 
files, were not at hand or taken into con- 
sideration at the time of judging success of 
the transplant (a clinical evaluation made 
at least two months postoperatively). It is 
evident that all cases cannot readily be 
classified as “cloudy” or “clear,” that inter- 
mediate stages must exist, and, therefore, 
that rather arbitrary classification was made 


TABLE 1.—Summary of Results 


Cases, No. 


Clear Cloudy 


ABO-compatible 14 
ABO-incompatible 0 


pt 
Bes 
3 
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in borderline cases. Nevertheless, most 
“clear” corneas were transparent, and most 
“cloudy” corneas were opaque. 

Table 1 requires amplification as follows. 
One case of Rh incompatibility with ABO 
compatibility has been grouped among the 
fourteen “compatible-clear” cases. Six 
cases of O donor to non-O recipient have 
been listed as “compatible-clear” because 
of the assumption that O type represents 
a “universal donor.” Grouped in the three 
“compatible-cloudy” cases is one patient 
whose preexisting disease was so severe as 
to preclude reasonable hope of success. One 
such hopeless patient is in the “incompatible- 
cloudy” group. Although this is a small 
series, it is noteworthy that not a single 
incompatible donor cornea remained clear. 
The disproportionate ratio of compatible to 
incompatible cases is explained not by our 
selection (the patients received corneas in 
turn from a waiting list, without considera- 
tion of blood types) but by the large num- 
ber of Type O “universal donor” corneas 
received by the eye bank. Type O is the 
commonest blood type, accounting for 47% 
of blood donated in our area. Forty-three 
per cent of blood donors are Type A; six 
per cent, Type B, and four per cent, Type 
AB. It is apparent from these statistics that 
almost half of all corneas should be “uni- 
versal donors.” Four-fifths of the remain- 
ing corneas, Type A, would be compatible 
in 43% of recipients. The chances of ac- 
curate accidental matching of B or AB 
donor and recipient are remote. Simple 
calculation indicates that chance alone 
would result in compatible transplantation 
in two-thirds of all cases chosen at random, 
with no attempt at matching. 


No correlation can be demonstrated 
(Table 2) between clarity of transplant 
and Rh compatibility, age of donor, sex 
matching, or skin-color matching. The 
younger recipients tended to have better 
results. 

Of our total group of 80 transplants, 44 
were clear and 36 were cloudy. (For com- 
parison, reference is made to Paton’s series, 
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TaBLe 2.—Results According to Various Factors 


Cases, No. 
Clear Cloudy 
12 5 
2 2 
6 6 
ll 9 
12 7 
13 15 
6 5 
6 
12 ll 
4 


in which he reports 299 cases followed for 
at least two months. Of his cases, 64.5% 
of the transplants remained clear and 35.5% 
became cloudy. He states that a high pro- 
portion of favorable keratoconus cases is 
the probable reason that his statistics are 
better than those of other reported series. 
Incidentally, his results—two-thirds clear— 
are exactly the per cent we have predicted 
would be clear in random selection of donor 
and recipient if ABO incompatibility were 
the only factor governing clarity. ) 

The operation used was almost invariably 
a penetrating round transplant, varying 
from 6 to 9 mm. in diameter, sutured with 
000000 nonabsorbable surgical (silk) sutures 
in direct appositional corneocorneal tech- 
nique. Variations from this and details of 
individual cases are described in the case 
histories appended at the conclusion of this 
paper. 

Clinical results such as those reported in 
Table 1 pose the question, “Do blood group 
antigens exist in the cornea and in the 
aqueous?” Nelken et al. have studied this 
question carefully and have published a well- 
documented affirmative answer. Through 
adsorption and elution experiments these 
authors proved the presence in human cor- 
neas of A and B antigens corresponding to 
these antigens in the red blood cells. Human 
aqueous humor was shown to contain anti-A 
and anti-B antibodies corresponding to the 
blood type of the given person. It was not 
possible to determine the presence of Rh 
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antigens in these corneas. These authors 
demonstrated an increase in blood group 
antibody titer in three patients who received 
incompatible penetrating corneal transplants. 
Their paper makes no comment as to 
whether the clarity or cloudiness of clinically 
observed human corneal homografts could 
be correlated with blood group compatibility 
or incompatibility. 

We believe that Nelken et al. have clearly 
established the presence of blood Group A 
and B antigens in the human cornea and 
the presence of A and B antibodies in the 
aqueous humor, these antigens and anti- 
bodies corresponding to the blood group of 
the given person. Although our presently 
reported series of clinical cases is small, 
nevertheless the results are remarkably con- 
sistent with the supposition that clarity of 
the graft is influenced by the compatibility 
or incompatibility of donor and recipient 
blood types. In view of these findings, we 
plan to perform future transplants only 
with blood-type-compatible donor material. 
This procedure does not promise to be ex- 
cessively difficult, since 47% of the donor 
corneas will be Type O, or universal donors. 
These Type O corneas will be given to 
Type O, B, or AB recipients. Previous 
typing of the recipients will identify the 
43% Type A patients, who will be specified 
to receive Type A transplants. It would be 
advisable to store frozen recipient serum, 
with the intention of performing a major 
cross match against donor red cells before 
selecting the patient as the recipient for the 
given donor cornea. Donor blood will need 
to be secured at the same time as the donor 
cornea. 

Confirmation of our theory of blood group 
compatibility will rest upon further work. 
A prolonged series of compatible trans- 
plants with complete elimination of the 
problem of late clouding would constitute 
a Utopian proof of the theory. Skeptics 
will correctly point out that a quick way 
of disproving this theory might be the delib- 
erate transplantation of incompatible cor- 
neas. In view of the data presented and 
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reviewed in this paper, we do not feel justi- 
fied in subjecting our patients to such an 
incompatible experiment. If the large group 
(one-third of all transplants) of cloudy 
corneal grafts encountered in clinical prac- 
tice should prove to be related to chance 
incompatibility of blood group antigens, 
surgical statistics will dramatically improve 
through application of this concept. Because 
of the great potential importance of this 
matter, we hereby recommend that all sur- 
geons performing transplantations record 
whenever possible the compatibility of donor 
and recipient blood. If these data are trans- 
mitted to the eye banks and to their national 
committee, it should be possible to prove 
or discredit the blood-group-compatibility 
theory within a year. The value of such a 
cooperative enterprise has already been 
shown in the retrolental fibroplasia study, 
which clearly incriminated oxygen and 


thereby saved many premature eyes. 


Summary 

Eighty cases of corneal transplantation 
are reported. In 21 of these the blood types 
of donor and recipient are known. Ob- 
viously, this is a small series; nevertheless, 
(1) not one of the 4 ABO blood-group- 
incompatible transplantations resulted in a 
clear cornea and (2) 14 of 17 compatible 
transplanted corneas were clear. 


Department of Ophthalmology, Ohio State Uni- 
versity (10). 
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Case Histories 


Compatible Clear 

CasE 1—A 15-year-old Negro youth. 
Syphilitic interstitial keratitis. Donor O—, 
recipient O+, 6 mm. penetrating kerato- 
plasty (Stine) June, 1956. Initial acuity 
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20/100, final acuity 20/60, complicated by 
macular chorioretinitis. Result, clear cor- 
nea. 

Case 2.—-A 26-year-old white man. Trau- 
ma followed by infection and scarring. 
Donor A+, recipient A+, 7 mm. penetrat- 
ing keratoplasty (Stine) August, 1956. 


Initial acuity L. P., final acuity 20/60+,— 


uncomplicated. Result, clear cornea. 

Case 3.—A 60-year-old white man. For- 
eign body followed by scarring. Donor 
O+, recipient A+, 6 mm. penetrating 
keratoplasty (Stine) April, 1956. Initial 
acuity 20/800, final acuity 20/60, uncom- 
plicated. Result, clear cornea. 

Case 4-—A 19-year-old white woman. 
Syphilitic interstitial keratitis, keratoplasty 
O. D. (Stine) January, 1953. Donor frozen 
cornea, result cloudy. Six-millimeter pene- 
trating keratoplasty O. D. (Stine) June, 
1956. Donor O-, recipient B+. Initial 
acuity 20/400, final acuity 20/60, uncom- 
plicated. Result, clear cornea. Six-milli- 
meter penetrating keratoplasty O. S. (Stine) 
March, 1957, result cloudy. Six-millimeter 


penetrating keratoplasty O. S. (Stine) July, 


1957. Initial acuity 10/400, final acuity 
20/50. Result, clear cornea. 

Case 5.—A 56-year-old white woman. 
Syphilitic interstitial keratitis. Donor O, 
recipient A+, 6 mm. penetrating kerato- 
plasty (Stine) August, 1957. Initial acuity 
20/400, final acuity 20/100, uncomplicated. 
Result, clear cornea. 

Case 6—A 22-year-old white woman. 
Syphilitic interstitial keratitis. Donor O, 
recipient O+, 6 mm. penetrating kerato- 
plasty (Stine) August, 1957. Initial acuity 
L. P., final acuity L. P., complication, bi- 
lateral cataracts. Result, clear cornea. 

Case 7.—An 18-year-old white woman. 
Congenital micro-ophthalmia and opacities. 
Donor O-, recipient A+, penetrating 
keratoplasty (Stine) August, 1957. Initial 
acuity L. P., final acuity C. F. Result, clear 
cornea. 

Case 8—A 50-year-old white man. 
Groenouw’s dystrophy. Donor O+, recip- 
ient O—, 6 mm. penetrating keratoplasty 
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(Stine) August, 1957. Initial acuity 20/800, 
final acuity 20/80. Results, clear cornea. 
(Four relatives with same pathology have 
had successful transplants. ) 

Case 9—A 3l-year-old white woman. 
Groenouw’s dystrophy. Donor O+, recip- 
ient O+, 6 mm. penetrating keratoplasty 
O. D. (Stine) December, 1955. Initial 
acuity 15/200, final acuity 20/80, complica- 
tion, epithelium denuded by contact lens. 
Result, clear cornea. Six-millimeter pene- 
trating keratoplasty O. S. (Stine) July, 
1957. Initial acuity 20/200, final acuity 
20/40+. Result, clear cornea. 

Case 10.—A 76-year-old white man. 
Fuch’s dystrophy. Donor O+, recipient 
O+, 8 mm. penetrating keratoplasty (Hav- 
ener) August, 1957. Initial acuity H. M.., 
final acuity 20/100. Result, clear cornea. 

Case 11—A 67-year-old white woman. 
Fuch’s dystrophy. Donor A+, recipient 
A+, penetrating keratoplasty (Havener) 
April, 1956. Initial acuity C. F., final acuity 
20/20. Result, clear cornea. 

Cas—E 12.—A 55-year-old white man. 
Trauma and scar. Donor A+, recipient 
A-—, 6 mm. penetrating keratoplasty (Hav- 
ener) September, 1957. Initial acuity H. M. 
Result, clear cornea. 

Case 13.—Donor O+ sent to Dr. Willard 
of Toledo, recipient A+. Result, clear cor- 
nea. 

Case 14.—Donor O+ sent to Dr. Alter 
of Toledo, recipient A+. Result, clear cor- 
nea. 

Incompatible Cloudy 

Case 15.—An 18-year-old white woman. 
Interstitial keratitis. Donor A+, recipient 
O+, 8 mm. penetrating keratoplasty (Stine) 
April, 1956. Initial acuity L. P., final acuity 
L. P., complicated by cataract extraction at 
time of keratoplasty. Result, cloudy cornea. 

Case 16.—A 42-year-old white woman. 
Explosion trauma. Donor A+, recipient 
O—,8 mm. penetrating keratoplasty (Stine) 
July, 1956. Initial and final acuity L. P. 
Result, cloudy cornea. Original prognosis 
poor owing to fistula and iris synechiae 
from 1948 transplant done elsewhere. 
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Case 17.—A 41-year-old white woman. 
Keratoconus. Donor AB+, recipient O+, 
7 mm. penetrating keratoplasty (Stine) 
April, 1956. Initial acuity 20/400, final 
acuity L. P. Result, cloudy cornea. (This 
cornea stayed clear with 20/20 vision for 
four months, then suddenly clouded.) 

CasE 18.—Donor A+, recipient O+ 
(Havener) May, 1956. Result, cloudy cor- 
nea. 

Compatible Cloudy 

Case 19.—A_ 67-year-old white man. 
Leukoma. Donor O+, recipient A+, pene- 
trating keratoplasty (Havener) August, 
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1957. Initial and final acuity L. P. Result, 
cloudy cornea. (This case had extremely 
poor prognosis. ) 

Case 20.—A 41-year-old white woman. 
Keratoconus. Donor O+, recipient O+, 
penetrating keratoplasty (Stine) August, 
1957. Initial and final acuity L. P. Result, 
cloudy cornea. (This was third transplant 
on the same eye.) 

Cas—E 21.—Donor A+, recipient A— 
(Cook) May, 1956. Result, cloudy. 

Incompatible Clear 

No cases. 
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Experimental Ocular Toxoplasmosis 


Part II 


MICHAEL J. HOGAN, M.D.; PHYLLIS A. ZWEIGART, and ANN LEWIS, A.B., San Francisco 


Plan 


For several years sulfadiazine and pyri- 
methamine have been used in the treatment 
of human and experimental toxoplasmosis 
with varying reports as to their efficacy. 
Very little work has been done, however, 
with regard to the effects of these drugs in 
experimental ocular toxoplasmosis in ani- 
mals. 

These studies were designed to determine 
whether sulfadiazine alone, or in combina- 
tion with pyrimethamine,* would suppress 
or prevent a local or systemic infection in 
guinea pigs after inoculation of Toxoplasma 
into the vitreous humor. We have previously 
reported ! on the technique for these infec- 
tions, the type of inflammation produced, 
and the evidence of systemic spread from 
the eye. 


Materials 


Young female guinea pigs weighing ap- 
proximately 400 gm. were used. They all 
had negative dye-test titers at a 1:16 dilu- 
tion. 

The amounts of the drugs administered 
to the guinea pigs were based on average 
human dosages of 4 gm. of sulfadiazine 
daily and 75 mg. of pyrimethamine daily. 
Therefore, 60 mg. of sulfadiazine per kilo- 
gram of body weight daily was given to 
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half the treated animals, and this amount 
plus 0.8 mg. of pyrimethamine per kilogram 
of body weight daily was given to the other 
half. 

Fifteen grams of sulfadiazine was dis- 
solved in 100 ml. of water, so that 0.1 ml. 
contained 15 mg. of the drug. Of this solu- 
tion, 0.1 ml. was fed to each of the treated 
animals twice daily. 

One hundred sixty milligrams of pyri- 
methamine was suspended in 100 ml. of 
water, and just enough glacial acetic acid 
was added to dissolve it (approximately 2 
drops). Of this solution, 0.1 ml. (contain- 
ing 0.16 mg. of pyrimethamine) was fed 
twice daily to the animals receiving the 
combined treatment of sulfadiazine and 
pyrimethamine. 

The Toxoplasma inoculum was prepared 
from the peritoneal fluid of mice given 
inoculations three days previously. This 
fluid was diluted with isotonic saline con- 
taining 10% serum, and the organisms were 
counted in a hemocytometer. Dilutions were 
made so that 0.05 ml. of fluid contained ap- 
proximately 5000 Toxoplasma organisms. 


Methods 


The animals were divided into the follow- 
ing treatment groups: 
I. Infected untreated controls 
II. Treated with sulfadiazine first two weeks 
III. Treated with sulfadiazine and pyrimeth- 
amine first two weeks 
IV. Treated with sulfadiazine second and third 
week 
V. Treated with sulfadiazine and pyrimeth- 
amine second and third week 
VI. Uninfected sulfadiazine controls 
VII. Uninfected sulfadiazine and pyrimethamine 
controls 
The guinea pigs were divided into seven 
groups. Groups I to V contained nine guinea 
pigs each; Groups VI and VII, three guinea 
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pigs each. Animals in Group I were retained 
as untreated controls. Group II animals 
were treated with sulfadiazine immediately; 
Group III animals, with sulfadiazine and 
pyrimethamine; Group IV animals received 
sulfadiazine after a delay of one week; 
Group V animals, sulfadiazine and pyri- 
methamine after a similar delay of one week. 
Group VI animals were used as uninfected 
sulfadiazine controls, and Group VII ani- 
mals, as uninfected sulfadiazine and pyri- 
methamine controls. 

The guinea pigs were fed the drugs by 
placing a pipette directly into the mouth. 
All the animals swallowed the solutions 
readily. 

Groups I and II were given the first dose 
of the drugs early on a Monday morning, 
just before inoculation. They were treated 
twice each day through Friday. Medication 
was stopped Saturday and Sunday and 
then started again on the following Monday. 
It has been our experience and that of 
others that these drugs are more effective 
when given with short rest periods alter- 
nating with treatment periods. 

In Groups IV and V the drugs were 
started on the second Monday morning, 
seven days post inoculation, and the animals 
were treated through Friday, rested two 
days, and then were treated again for the 
next five days. 

The treatment controls, Groups VI and 
VII, were fed the drugs during the same 
periods as the animals given inoculations. 
No ill effects were observed in these groups 
as the result of drug therapy. 


Inoculation Method 


Each guinea pig was anesthetized lightly 
with ether, and a drop of tetracaine ( Ponto- 
caine) was instilled into the right eye. The 
animal was held on its side, and the lid was 
retracted. The conjunctiva was grasped 
with a foreceps, and the eye was pulled for- 
ward. A 30-gauge needle on a tuberculin 
syringe was forced through the sclera over 
the pars plana, and 0.05 ml. of the inoculum 
was introduced into the midvitreous. 
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EXPERIMENTAL OCULAR TOXOPLASMOSIS 


Recoveries from Eye and Brain Three and 
One-Half Months After Inoculation 


Recoveries 

Group Treatment (10 Days) Brain Eye 

I None (untreated controls) 5 (5) 5 (5) 

II Sulfadiazine 6 (©) 6 

III Sulfadiazine & pyrimethamine 7@ 

IV Sulfadiazine 6 (6) 3 6) 

Sulfadiazine & pyrimethamine 6 (7) 

VI Sulfadiazine control 
VII Pyrimethamine control 

Total 31 (31) 27 1) 


Results 

All of the infected animals developed 
typical chorioretinitis which was easily ob- 
served within two to three weeks. We have 
found this to be the optimal time for ob- 
servation of the lesions. 

Several of the animals died in each group. 
The surviving animals gradually recovered 
from the signs of infection and seemed well. 
Five survived in Group I; six, in Groups 
II and IV; and seven, in Groups III and V. 

The animals were killed three and one- 
half months after inoculation. The brain 
and right eye were ground separately in a 
mortar and diluted with isotonic saline, and 
each tissue was inoculated into three mice. 

All the mice given inoculations with brain 
tissue developed toxoplasmosis. All but four 
of the inoculations of ground-up eye tissue 
resulted in toxoplasmosis in the mice. Three 
of the eye tissue inoculations from Group 
IV and one from Group V remained negative 
after two subinoculations. 


Conclusions 

Under the conditions of this experiment 
neither sulfadiazine nor a combination of 
this drug with pyrimethamine was effective 
in preventing the establishment of a chronic 
toxoplasmic infection of the eye and brain 
following inoculation of the organisms into 
the vitreous. 


Francis I. Proctor Foundation, University of 
California Medical Center (22). 
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Selective Perception and Autonomic Response in 


Hysterical Amblyopia 


NEIL D. KENT, M.A., Baton Rouge, La., and T. F. SCHLAEGEL Jr., M.D., Indianapolis 


The patient with the tubular fields of 
hysterical amblyopia poses an interesting 
series of problems for the ophthalmologist. 
Since the size of his peripheral fields does 
not vary either as a function of distance 
from stimulus objects or as a function of the 
size of stimulus objects, his visual process 
is incompatable with optical laws. On the 
other hand, there is some sort of lawful 
relationship present, since the fields of these 
patients are relatively stable. This observa- 
tion leads to the question as to what variables 
determine this phenomenon. It is a question 
with many aspects. We desire to know, for 
example, if the constricted fields are peculiar 
to the test situation and, if not, whether the 
person is unaware of all objects in the 
periphery or merely some. If he is unaware 
of only some objects, what sort of objects 
are they? The possibility must also be con- 
sidered that the patient may respond to 
objects in the periphery but is unable to 
verbalize awareness of them. 

The name given to the phenomenon, hys- 
terical amblyopia, implies that the condition 
of tubular fields is a conversion symptom 
that presumably functions to protect the indi- 
vidual from the influx of threatening stimuli. 
Although this hypothesis may seem far- 
fetched to some, there is substantial evidence 
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to indicate that both primary and acquired 
needs determine the perception of objects. 
In the case of acquired needs the above is 
true whether the fears are experimentally 
induced or whether they are based on the life 
experiences of the person. There is, then, 
a selective perception of stimulus objects 
such that the thresholds may be lowered or 
elevated according to the particular needs 
present and the relationship between these 
needs and the stimulus object in the be- 
havioral history of the person.* 

The fact that persons may respond to 
visual stimuli even though they are unable to 
verbalize awareness is also well established 
and is referred to as subception. Specifically, 
this term refers to the empirical observation 
that even though a stimulus is exposed for 
such a brief time that subjects are unable 
to verbalize recognition they are neverthe- 
less able to give discriminatory autonomic 
responses as measured by the galvanic skin 
response. Again, the occurrence of this 
phenomenon depends upon the role of the 
stimulus in the behavioral history of the 
person.” 

If the tubular field is a hysterical conver- 
sion symptom, we might expect that pa- 
tients with these fields, in common with other 
neurotics, would respond to certain classes 
of stimulus objects differently from normal 
persons. Stimulus objects that could be 
grouped according to their sexual connota- 
tion would be one such class. There are 
probably others. Further, since these stimuli 
are threatening to the patient, we might also 
expect that a subception effect would be 
present. In the present experiment, we at- 
tempted to determine whether this is true 
by the use of five classes of stimulus words: 
sexual, scoptophilic, visual symptom, non- 
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visual symptom, and neutral. These five 
classes of stimulus words were presented to 
three groups of subjects: patients with tubu- 
lar fields, patients with other visual symp- 
toms, and normal controls, in such a manner 
that the duration of exposure could be 
precisely controlled and the galvanic skin 
response measured continuously. 


Method 


Subjects—There were three groups of 
subjects: (a) Patients with tubular fields 
without detectable organic involvement. Six 
females and two males were diagnosed at 
the eye clinic of the Indiana University 
Medical Center by staff ophthalmologists 
from among patients normally seen in the 
clinic. The principal criterion of diagnosis 
was that the size of their peripheral fields 
did not vary either as a function of distance 
from the test object or as a function of the 
size of the test object. (6) Patient controls. 
There were four males and three females, 
all students in introductory psychology 


classes at Indiana University. They all had 


defective visual acuity correctable to normal. 
(c) Normal controls. There were two 
females and five males, all students in the 
same classes as the patient controls, with no 
history of ocular difficulties and with normal 
visual acuity. 

Stimuli.—The test stimuli used in the ex- 
periment consisted of five groups of four 
words each. The groups were balanced for 
difficulty on the basis of frequency of oc- 
currence of words in the English language 
according to the Thorndike-Lorge word 
count. The words and their stimulus classes 
were as follows: 

Sexual: lust, sex, desire, love 

Scoptophilic: peek, spy, peer, watch 

Visual symptom: sightless, dim, blind, dark 

Nonvisual symptom: giddy, jumpy, faint, heart 

Neutral: nip, trunk, taxi, table 
In addition, four neutral words were used 
for preliminary training. These were radi- 
ator, laugh, book, and tooth. 

Apparatus.—All apparatus was housed in 
the experimental room. This was an acous- 
tically deadened room equipped with an 
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oscillating fan which had a cooling and 
masking function. The stimuli were type- 
written on index cards and presented by 
means of a Dodge-type tachistoscope. Mer- 
cury vapor lamps were used in the tachisto- 
scope for instantaneous response. Time 
intervals were controlled by a Hunter timer 
with a 4o9-second step interval. The ap- 
paratus for measuring the galvanic skin 
response (GSR) was constructed by the 
electronics department of Indiana University 
and was essentially that described by Davis, 
Siddons, and Stout? except for the lack of 
the automatic reset component specified in 
that report. The galvanometer was attached 
to an Esterline-Angus Graphic Milliammeter 
to produce a continuous graphic record. 

Procedure-——The subjects were given 
peripheral visual field tests when first seen 
by the experimenter (N. D. K.) in order to 
confirm the diagnosis of hysterical am- 
blyopia and to determine whether tubular 
fields were present in the other subjects. 
This procedure involved plotting their pe- 
ripheral fields at distances of 1 and 2 meters 
from the tangent screen, with use of a 1 and 
a 10 mm. test object. After their peripheral 
fields were determined, their visual acuity 
was measured by the Snellen method. 

The subjects were then seated in the ex- 
perimental room in front of the tachisto- 
scope. Their palms were rubbed with 
electrode jelly, and the GSR electrodes were 
attached. The hysterical amblyopes and pa- 
tient controls were told that this was a visual 
test under development and (if they were 
current patients) that the results might be 
helpful to their doctor. The normal controls 
were told that they were a control group for 
a new visual test for eye patients. 

The subjects were instructed to look into 
the tachistoscope and locate the fixation 
point. They were informed that a word 
would be shown for a very brief period and 
that the period would be gradually increased 
until the word was recognized. They were 
instructed to respond to each exposure even 
if they had to guess. 

In order to acquaint the subject with the 
procedure, give the experimenter some idea 
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of the ranges of exposure times, and enable 
the experimenter to adjust the sensitivity 
level of the galvanometer, the subject was 
given trials with the practice words. In 
each case with the practice and test words 
the experimenter attempted to expose the 
words at an exposure time well below the 
subject’s recognition threshold. The ex- 
posure time was then increased in steps of 
0.01 or 0.02 second until the subject recog- 
nized the word. After the subject had been 
shown all four practice words, any questions 
about the procedure were answered before 
proceeding to the test words. 


In the experiment proper, the test words 
were randomized by blocks, each block con- 
taining one word from each of the five 
stimulus classes. 

Response Measures—There were three 
response measures in the experiment. (a) 
The recognition threshold. As implied in a 
previous section, this was determined in a 
trial-and-error manner for each subject and 
was the average of the length of exposure 
on the trial immediately before recognition 
and the trial on which the word was recog- 
nized. In a very few cases the words were 
recognized on the first exposure. In these 
cases this time duration was used as the 
recognition threshold. (b) The prerecogni- 
tion GSR was the mean of the maximum 
decrease in resistance in the six seconds 
following stimulus presentation on the two 
trials preceding recognition. (c) The recog- 
nition GSR was considered to be the maxi- 
mum decrease in skin resistance in the six 
seconds following exposure on the trial on 


TaBLe 1.—Mean Recognition Thresholds for Each 
of the Stimulus Classes 


Mean Recognition Thresholds, Seconds 


Subjects with 
Normal Patient Tubular 
Stimulus Class Controls Controls Fields 

Sexual 0.040 0.035 0.074 
Scoptophilic 0.044 0.032 0.098 
Visual symptoms 0.035 0.028 0.076 
Nonvisual symptoms 0.037 0.031 0.097 
Neutral 0.032 0.025 0.059 

Mean 0.038 0.030 0.081 
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TaBLe 2.—Mean Galvanic Skin Response to Each 
of the Stimulus Classes on the Prerecognition 
Trial (PRT) and the Recognition 
Trial (RT) 


Mean GSR, % Resistance Change 


Nor- Con- Pa Con- Tubular Fields 
mal trol tient trokh 
Stimulus Class 
Sexual 2.0 4.0 2.2 3.0 10.2 144 
Scoptophilic 24 2.9 2.6 2.9 8.6 14.4 
Visual 
symptoms 1.9 23 2.3 2.7 6.5 15.3 
Nonvisual 
symptoms 2.3 23 28 2.0 9.4 15.0 
Neutral 3.1 2.6 2.5 28 8.3 us 
Mean 2.34 2.82 2.48 2.68 8.60 14.18 


which the word was recognized. GSR re- 
sponse measures were expressed as a per 
cent change of resistance over preexposure 
level for any trial. 


Results 


Differences Between Groups——Table 1 
presents the mean recognition thresholds for 
the three groups of subjects, and Table 2, 
the GSR data. We need to inquire whether 
there are significant differences between 
groups and between word classes with each 
group. To test for differences between con- 
trol groups the Mann-Whitney Test 4 was 
applied to responses to each class of stimulus 
words and to all responses taken together. 
Neither for recognition thresholds nor for 
either type of GSR data are any of the 
differences reliable. In further treatments 
the two control groups were therefore com- 
bined into one. 

Similar tests were then made to compare 
the tubular-fields group with the combined 
control group. In recognition thresholds, 
although the difference is large, we cannot 
establish its significance at the 0.05 level of 
confidence, since none of the Mann-Whitney 
tests allow us to reject the null hypothesis 
at this level of confidence. 

On the other hand, differences between 
patients with tubular fields and controls were 
significant in both GSR measures with re- 
sponses to all stimulus classes combined. The 
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tubular patient may be expected, on the basis 
of this result, to give larger GSR responses 
than a normal person to any word repre- 
sented in our list. 

Differences Within Groups——The ques- 
tion here is whether subjects within the 
groups will give responses to different types 
of words which are significantly different 
from one another. We used the Friedman 
test* for answering this question, a test 
which depends upon agreement in the rank 
order of each subject’s reaction to the several 
types of words with the rank order of the 
other subjects in the group. Within the com- 
bined control group there is agreement as 
to the recognition threshold (P<0.001) and 
for the postrecognition GSR (P<0.02). For 
prerecognition GSR the agreement does not 
reach the 0.05 level of confidence. We have 
evidence, therefore, of a differential effect 
of the words on normal subjects. The sexual 
words produced the greatest reaction, and 
the nonvisual symptom words, the least. Be- 
cause there were no significant differences 
between the word classes on the prerecogni- 
tion GSR trials, we have no evidence to 
support a process of subception. 

In neither normal subjects nor in those 
with tubular fields do we find definite evi- 
dence of subception, in the sense of their 
responding on the GSR without responding 
to the words presented. There is just a 
suggestion of such a phenomenon in the 
large GSR’s that the subjects with tubular 
fields gave to the sex words and the relatively 
small responses they gave to the neutral 
words. More data are required to come to 
any firm conclusions on this point. 

In the group with tubular fields there is 
no significant agreement among the re- 
sponses of different subjects for either 
recognition threshold or for either type of 
GSR response. It is of some importance, 
however, that symptom words—both visual 
and nonvisual—produce the largest GSR’s 
in these patients on recognition trials and 
the neutral words, the smallest. 
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Comment 


With the number of cases of tubular fields 
as small as it is here, positive conclusions 
from the statistical analysis can be accepted 
at their face value but negative findings are 
of little importance, since effects might be 
shown significant by the mere addition of 
cases. 

The positive fact which emerges is that 
patients with tubular fields are much more 
responsive on the GSR test than are normal 
subjects. In Table 2 the means for subjects 
with tubular fields are three to five times 
as great, on the whole, as the normal means. 
Autonomic reactivity in these patients, so 
far as the GSR is concerned, is greatly 
exaggerated. 


Summary 

In order to determine whether patients 
with tubular fields selectively perceive cer- 
tain classes of stimuli, four groups of words, 
equated for difficulty, were exposed to sub- 
jects for controlled lengths of time in a 
Dodge-type tachistoscope, while the galvanic 
skin response (GSR) was being contin- 
uously recorded. During this procedure three 
response measures were obtained: recogni- 
tion thresholds, prerecognition GSR’s, and 
postrecognition GSR’s. 

After the data were subjected to a non- 
parametric statistical analysis, it was evident 
that there was no evidence for a subception 
process in either the group with tubular 
fields or in the control groups. On the other 
hand, it was evident that patients with 
tubular fields showed greater autonomic 
reactivity to all stimulus classes than the 
control groups. Within the control groups 
the statistical analysis indicated that the 
subjects had differential recognition thresh- 
olds and differential postrecognition GSR’s. 
No such effect was observed in the group 
with tubular fields. The results of the ex- 
periment show different levels of autonomic 
response in subjects with tubular fields and 
in controls. More data are needed to answer 
the question of different amounts of sub- 
ception. 

1100 W. Michigan St. (7) (Dr. Schlaegel). 
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Practical Dual-Exposure Stereophotography of 
the Retina 


HERMAN J. NORTON Jr., M.D., and CHARLES T. SULLIVAN, M.D., Rochester, N. Y. 


Modern ocular photographic documenta- 
tion now seems to be described on the basis 
of three attributes which together produce a 
“complete” picture of the disease process 
under study. The first photographic charac- 
teristic is stereoscopy; the second, color, and 
the last, serialization. Reflection will make 
clear that these represent the photographic 
properties necessary to accurately capture 
and record elevation-depression from a nor- 
mal physiological plane, change in color, and 
extent of lesion, three ways in which path- 
ology not infrequently manifests itself. As 
Newhall * has recently pointed out, the cam- 
era documents only what is before the lens, 
the unobvious as well as the obvious, and 
for this reason the resulting photograph of- 
ten contains information which was un- 
noticed at the instant of exposure. In 
ophthalmic photography this last fact has 
been experienced by many and not infre- 
quently adds additional helpful information 
used in diagnosing and treating the particu- 
lar disease. This paper is primarily con- 
cerned with but one of the above-mentioned 
attributes of the “complete” ocular photo- 
graph, namely, stereoscopy of the retina. 

When, through a single exposure, both 
components of a retinal stereogram are 
simultaneously recorded, the technique is 
called “absolute” stereoretinography. Orig- 
inally laying the basis for practical stereo- 
photography of the ocular fundus in 1953, 
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followed by extensive refinements in 1955, 
one of us (H. J. N.) ** introduced the con- 
cept of “absolute” 35 mm. stereoretinog- 
raphy utilizing the conventional 22 24 mm. 
stereoformat commercially available in this 
country. More recently, Drews* has con- 
tributed to the subject, applying the planar 
split-frame format to this type of retinal 
photography. 

It is the purpose of this communication 
to clarify and delineate a second technique 
through which the human retina may be 
photographed tridimensionally. We refer 
specifically to the method of successive or 
dual exposure, sometimes referred to as 
“relative” retinal stereophotography. 

This method was used by Thorner® to 
photograph the retina stereoscopically in 
1909, using a large laboratory instrument of 
his own design. The last reference to appear 
in the literature was that of Pavia,® in 1936. 

Techniques utilized by pioneer investiga- 
tors frequently cease to be used simply be- 
cause of the low degree of practicalness they 
represent. We intend to indicate how this 
basically old approach to retinal stereopho- 
tography can be maximally practicalized. 


“Relative” Stereoretinographic 
Technique 


Before the system that we use is pre- 
sented, a brief review of past methods of 
“relative” stereography seems indicated. The 
characterizing feature of retinal stereograms 
obtained through successively exposed com- 
ponents is the existence of an interexposure 
shift. The magnitude of this shift deter- 
mines the parallax required for depicting in 
stereoscopic relief. Proper control of this 
shift has been difficult, and this is primarily 
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Fig. 1—Schematic diagram showing prismatic 
technique for practical dual-exposure retinal stereo- 


photography. 


responsible for the lack of enthusiasm shown 
for this method of retinal stereophotography 
to date. From the literature it is clear that 
the two slightly dissimilar views, based 
directly upon the interexposure shift, have 
been obtained in one of two ways: (1) by 
shifting the camera position after the first 
exposure or (2) by moving the fixation de- 
vice itself between exposures. The first 
method is far too gross, owing primarily 
to the cumbersomeness of retinal cameras, in 
comparison with the sensitive nature of the 
photography involved. The second approach 
seems to represent slight refinement over 
the first, although, in our experience, at- 
tempting to move the fixation target per se 
in a rapid efficient manner between expo- 
sures has not proved to be at all efficient or 
practical. Both of these methods, owing to 
their awkward, time-consuming nature, slow 
the over-all technique by unduly prolonging 
the time between exposures. 

With recognition of the lack of practical 
usefulness offered by the two above-men- 
tioned techniques, the following account is 
given as a considered improvement in the 
effectiveness and reliability of using suc- 
cessive-exposure stereoretinography. We 
have found that the ease of strict control 
that the method we use permits over the 
magnitude of the interexposure shift makes 
the “relative” method of photographing the 
human retina of real practical value. 

Attention is called to Figures 1 and 2, 
which correlate a schematic diagram of the 
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technique with the actual instrumentation 
used. The theoretical features involved, 
diagramatically shown in Figure 1, can be 
advantageously considered first. From the 
diagram it is clear that two successively 
exposed photographs, making up a stereo- 
scopic pair, are involved. The lower half of 
Figure 1 shows how the first photograph is 
obtained. The right eye is the fixing eye 
while the left eye is being photographed. 
Without supplementary accessories being in- 
volved, the right eye looks in the DF direc- 
tion to the fixation lamp in the F position 
while the left eye looks in the GM direction, 
which is parallel to DF. The first exposure 
is made under these conditions. It is from 
this point on, that is, after the first exposure 
of the two involved, that the technique of 
shifting the camera or of moving the fixation 
point has not permitted adequate enough 
control over the magnitude of the parallax 
factor involved to make successive-exposure 
stereography of the retina worth while. To 
short circuit inadequate interexposure con- 
trol, we have found that the second photo- 
graph can be obtained as shown in the upper 
half of Figure 1. Without shifting the 
camera or moving the fixation lamp itself, 
the second view of the patient’s lefi eye can 
be smoothly, rapidly, and efficiently obtained 
by interposing a large photographing prism 
before the right, or fixing, eye. Figure 2, 
which shows the actual prism in position be- 


Fig. 2—Instrumentation used. A, photographic 
prism; B, fixation lamp. 
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STEREOPHOTOGRAPHY OF RETINA 


tween the right eye and the fixation lamp, 
makes this step perfectly clear. The prism 
is introduced base out and causes the fixing 
eye to look in the DF’ direction. The prism 
strength is about 11 D., and the angle pro- 
duced between DF and DF’ (angle a) is 
6 degrees. At the same time that the right 
eye looks in the DF’ direction, the left eye 
looks from the GM to the GL direction. The 
parallax resulting between the stereoscopic 
pair is about 4 mm. as measured on the film. 
It is appropriate to mention at this point that 
direct film measurement from a common 
reference point on each of the two pictures 
in a given series photographed in this way 
shows a remarkable consistency relevant to 
the parallax obtained and acts as an objective 
check on the reliability of the prism method. 
Experience indicates that a high degree of 
control is afforded by this method over the 
desired dissimilarity between the two pic- 
tures, a compulsory feature if relative stereo- 
retinography is to be a practiced type of 
retinal photography. 

Tridimensional pairs obtained in the 
above-described way may be studied by pro- 
jecting them to large screen sizes or by using 
a 35 mm. steroscopic hand viewer. The 
photographic prism is readily moved in or 
out of position by the surgeon-filmer from 
his position as he views the fundus. In com- 
parison with past methods used to obtain the 
necessary parallax, this maneuver is easily 
facilitated. The strength of the prism gov- 
erns the degree of parallax and with ultra- 


Fig. 3.—Stereotransparency mounted in 


high-speed exposure the second photograph 
can be readily taken immediately after the 
prism is moved into position. Readjustment 
of illumination and focus for the second 
view is seldom required, the focusing-il- 
luminating conditions established for the 
first exposure being perfectly adequate for 
the second. 


Stereogram Formats 


Since the form that film mounting takes 
deserves considerably more attention when 
one is photographing stereoscopically than 
when planar photography is being used, the 
following information, considered to be of 
great importance, is included in this section. 
Two stereomount systems will be considered, 
the one believed to be the least desirable by 
us being presented first, followed by sup- 
portive evidence as to why adoption of the 
second should be encouraged in_ retinal 
stereophotography. 

The first method is actually a substitute 
one, in that it makes use of a 35 mm. film 
mounted in a 50X50 mm. (2X2 in.) planar 
mount. The size of the actual film space 
measures 3523 mm., affording a total area 
of 805 sq. mm. available to exposure. Such 
a film frame may be split and used for 
stereoscopic photography, in which case one- 
half of the above-mentioned figure, 402 sq. 
mm., is available to each component of the 
stereoscopic pair. In this case the horizontal 
diameter of each film area decreases to about 
16.50 mm., a measurement far below the 


a conventional regulation stereomount. 
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minimal requirement in this dimension when 
the human retina is photographed stereo- 
scopically, as will be indicated below. 

The second mounting method concerns the 
use of a conventional regulation stereomount 
measuring 10241 mm. in which there are 
two film spaces each 22X24 mm. with an 
interpicture space of about 40 mm. Such a 
stereomount is reproduced in Figure 3. 
Several advantages exist for using this type 
of mount. First, there is a total film area 
of 1056 sq. mm. available to stereoscopic ex- 
posure as compared with 805 sq. mm. when 
the planar split-frame approach, mentioned 
above, is used. The total gain in film area 
is 251 or 125 sq. mm. for each component of 
the stereoscopic pair, The horizontal diam- 
eter of each film area in the regulation stereo- 
mount is 22 mm., compared with 16.5 mm. 
with use of the split-frame method. There 
is a twofold significance attached to the 5.5 
mm. gain in the horizontal diameter in the 
case of the full stereomount method. First, 
a diameter of 22 mm. is the minimum length 
permissable in order to appreciate fully the 
internal curvature of the globe, which re- 
quires a greater over-all coverage to demon- 
strate than is necessary to show an elevation 
or excavation of the disc. Second, this same 
figure represents the maximum horizontal 
diameter, and therefore total field of cover- 
age, that can be as well resolved peripherally 
as centrally in a given retinal photograph. 
This fact has been admirably pointed out by 
Littmann,’ on the basis of the work of Fer- 
ree and Rand, who believes that the size of 
the retina to be represented photographically 
should be effectively adapted to the optical 
properties of the human eye. Since refrac- 
tometric measurements by these latter in- 
vestigators have shown that the human eye 
is capable of reproducing a field of vision 
of 30 degrees smooth and free of astigma- 
tism, a wide-angle photographic ophthal- 
moscope lens corrected so as to reproduce 
a 30 degree field (22 mm. in diameter on 
film) is very important for retinal photog- 
raphy. This gives a maximally large critically 
focused field of coverage while at the same 
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time excluding too great a peripheral cover- 
age, which cannot be resolved well enough 
to meet the higher standards being demanded 
by modern retinal photographers because of 
the limitations on the part of the human eye 
to reproduce a larger field free from distor- 
tions. The second distinct advantage to 
using a conventional full-type 35 mm. stereo- 
scopic mount is that ample space exists on 
the mount between pictures, presenting an 
excellent place for recording data pertinent 
to each individual photographic record. This 
feature is also demonstrated in Figure 3. 
The importance of photographically label- 
ing ocular stereograms at the time of ex- 
posure by utilizing this interpicture space 
has recently been stressed by one of us 
(H.J.N.).8 Labeling stereograms in this 
way is not possible when the planar split- 
frame mount is used, since no interpicture 
data area exists. There is one last considera- 
tion, and that is the advantage of perfect 
horizontal and vertical alignment of the 
stereoscopic pair brought about by using the 
full stereomount technique in conjunction 
with a 35 mm. film strip, as introduced by 
one of us (H. J. N.) ? in 1955. 

Recently, we® have made suggestions, 
based on a study of our own, as to what 
might be done to improve the quality of 
color photography of the retina. There are 
certain intrinsic film characteristics, such as 
resolving power; “acutance,” or contour 
sharpness, and contrast, that have been de- 
veloped to a considerably higher degree in 
black and white film than in color film. The 
stereoscopic pair shown in mounted form 
in Figure 3 is reproduced in such a way in 
Figure 4 that it may be viewed directly from 
the text, with use of a method described in a 
previous communication.2 This enlarged 
retinal stereogram was made from an origi- 
nal color stereotransparency. Had the origi- 
nal been made on black and white film, the 
quality of the reproduction could be expected 
to be considerably improved upon. The de- 
velopment of a system of ocular color pho- 
tography wherein the desirable qualities of 
black and white film may be applied to 
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Fig. 4.—Enlargement of retinal stereogram shown in Figure 3 printed in such a way that it 
may be viewed directly from the page according to a method mentioned in the text. 


photographing the internal-external eye in 
a way paralleling that described by Fox and 
Hickey * in the field of general photography 
seems indicated. In this same direction, Le 
Grand " considers the mathematics underly- 
ing additive processes. Geldard '* points out 
that only two primary colors are required 
rather than three because yellow is seen, 
even though transiently, when red and green 
are used, indicating that yellow is a derived 
rather than a primary color. Judd ™ offers 
an excellent review and light diagram dem- 
onstrating additive color mixture and il- 
lustrating the principle of tristimulus 
colorimetry. 


Comment 


It is hoped that practical clarification has 
been given relevant to placing successive- 
exposure retinal stereophotography on a 
sound functional basis. The use of con- 
ventional stereoformat standards has been 
stressed and adhered to, which, coupled with 
an improved technique of control over suc- 
cessive-exposure stereoretinography, may 
serve to promulgate the usefulness of this 
method of photographing the human retina 
in stereoscopic relief. 


Summary 


The subject of dual-, or successive-ex- 
posure stereophotography of the retina is 


Norton—Sullivan 


considered. Experience with a new approach 
is outlined. The practical usefulness of this 
type of photography as applied to the retina 
through the utilization of a controlled quan- 
titative technique is discussed. Ideas are ad- 
vanced which it is believed hold considerable 
promise for improving retinal photographic 
results when used in conjunction with 
greatly improved optical-illuminating sys- 
tems of modern retinal cameras. 


The instrumentation used in this particular study 
was that of Dudragne. 


797 Elmwood Avenue (20). 
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Critical Flicker Frequency, Photochemical Mechanisms, 


and Perceptual Responses 


ROBERT H. PECKHAM, Ph.D., and WILLIAM M. HART, Ph.D., M.D., Bethesda, Md. 


Introduction 


In the past 15 years a great deal of 
attention has been directed toward the 
phenomenon of “flicker” as an indicator of 
retinal sensitivity and pathology. This re- 
port will present results with a flicker- 
measuring device, only slightly modified 
from that described in 1952.1 Ophthalmic 
application of flicker has not always been 
successful. After a brief review of the lit- 
erature this paper will direct attention to 
the meaningfulness of the flicker phenom- 
enon, as shown in its correlation with elec- 
troretinography, and demonstrate the need 
of applying psychometric principles in 
ophthalmic practice, by referring to labora- 
tory results, 

Flicker is a purely subjective phenomenon. 
It refers to the appearance of an alternating 
light and dark visual stimulus at certain 
specific rates of alternation. When the 
visual field, in whole or part, slowly al- 
ternates between dark and light, perception 
will follow the alternation; the dark phase 
will have the appearance of darkness, and 
the light phase, the appearance of lightness. 
As the rate increases, there will develop a 
tendency for the discreteness of darkness 
and lightness to disappear, and the percep- 
tion will assume a more random character; 
the light appears to “flicker.” As the rate of 
alternation continues to increase, the flicker- 
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ing irregularity seems to fade out, until the 
rate is so rapid that the perception becomes 
one of “fusion,” or smooth coherent light- 
ness. 

The close association of the flickering 
stimulus to the phenomenon of “persistence 
of vision” started with Ptolemy’s observa- 
tion of the disappearance of the spokes in a 
moving chariot wheel, in A. D. 150. In 1740 
Segner* actually attempted to measure the 
least period between two successive light 
stimuli. He reported this to be about 0.1 
second. His time estimate is in the right 
order, but too high. 

The transition between “flickering” and 
“fusion” is almost abrupt, and it has long 
been considered to be a specific and measur- 
able rate. It will be shown later that the 
“fusion point” in the rate of flicker shows 
the typical statistical variation of all other 
threshold values. The earliest qualitative 
measurements of this critical fusion fre- 
quency can be ascribed to Talbot* and to 
Plateau,* who in 1834 demonstrated that the 
apparent brightness of the area of the visual 
field, after fusion of the flicker, was equiva- 
lent to the arithmetical mean of the two 
brightnesses of the alternating stimuli. 

The rate of the critical fusion frequency 
depends upon the luminance of the stimuli. 
It has been found that the critical rate for 
fusion is dependent, linearly, upon the 
logarithm of the luminance, higher rates 
being associated with greater luminance. 
This was reported in 1892 by Ferry® and 
expressed by Porter ® in 1902 as the Ferry- 
Porter law. : 

In general, this law seems well established, 
being reassayed as recently as 1940 by Allen 
and Schwartz.? Although frequent excep- 
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tions have been reported, it is possible that 
these exceptions were due to a failure to 
define the criterion of fusion, as will be dis- 
cussed below. 

There has been much discussion as to 
whether the phenomenon of “fusion” re- 
sults from an integration at retinal level or 
is a function of the central nervous system, 
although Zoethout * in 1947 concluded that 
flicker is a retinal phenomenon. Electrical 
changes at the retina associated with single 
flashes of retinal stimulation have been re- 
corded at least since Einthoven’s® work 
in 1908. Hartline” showed an electrical 
retinal discharge at both the beginning and 
the ending of light stimulation. Creed and 
Granit have presented an electroretino- 
gram of the cat retina during a flickering 
stimulus, showing clearly an alternation in 
the discharge voltage, associated with the rate 
of stimulus changes, and constant voltage at 
higher frequency, corresponding to the ob- 
servation of Sachs that the disappearance 
of waves in the electroretinogram correlated 
highly with the subjective phenomenon of 
“fusion.” 

In presenting comparable human electro- 
retinograms made under flickering light, 
Wegman ™ reported discrepancies between 
the subjective and electroretinographic fu- 
sion frequencies. Perhaps because the re- 
corded retinogram seems more objective, 
Iser and Goodman have recommended 
its use in ophthalmic studies. However, 
Henkes ™ has shown that when the ampli- 
fier used for the retinal currents is tuned to 
the stimulus flicker frequency higher elec- 
troretinographic rates are traced and better 
correlation between them and subjective re- 
ports can be expected. 

It is interesting to speculate on the photo- 
chemical changes that may occur in the 
retina during the flickering period. The 
photochemical basis of vision seems to lie 
in the metabolic changes of a retinal pig- 
ment, noticed in 1851 by Mueller* and 
named “visual purple” by Boll} in 1876. 

*Le Grand,” p. 359. 
+ Le Grand,” p. 359. 
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This pigment has been extracted from the 
retina by Wald, who described a reversible 
photochemical process in the retina. When, 
for given intermittent stimulus intensities, 
the rate of light and dark stimuli exceeds 
the rate of light and dark (photochemical ) 
adaptation, there should be no appearance 
of fluctuation in sensation. This, then, would 
correspond to the critical flicker frequency. 

When we study other measurements of 
threshold, in the psychological literature, we 
find an important clue to the meaningfulness 
of the phenomenon of flicker. When a 
stimulus, strong enough to be sure of arous- 
ing a response, is slowly decreased in in- 
tensity, the response tends to be less 
frequent, until it becomes unlikely to occur. 
In other words, stimuli of low value have a 
“liminal range,” and the threshold of re- 
sponse becomes a matter of increasing im- 
probability, that is, a statistical instead of an 
algorismic § function. This has been well 
documented by psychologists; for example, 
see Guilford,* who refers to Urban’s 
method of constant stimuli. Using such psy- 
chometric methods, Blackwell '® has shown 
that visual threshold data tend to fit normal 
or logarithmic normal Gaussian distribution 
curves. Near the critical fusion frequency 
the response condition is a rate of alterna- 
tion that is nearly certain to arouse the per- 
ception of flicker and another, more rapid 
rate that is nearly certain to elicit the 
perception of fusion. Between these rates 
the probability of fusion (improbability of 
flicker) becomes the only meaningful unit 
of measurement. 

Essentially, the critically flickering light 
represents a constant stimulus, infinitely re- 
peated, which arouses a random response. 
In this peculiar situation the flicker itself 
becomes the direct perception of the ran- 
domness of the stimulus effectivity. There- 
fore, when we attempt to measure critical 
flicker frequency, we are, in effect, measur- 
ing a threshold. The “flicker” is perceived at 
that intensity of stimulus such that the pho- 
$} Le Grand,” p. 364. 


§ Algorismic refers to accounting with Arabic 
numerals. 
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tochemical process shows a variable prob- 
ability that the dark or light adaptations will 
arouse their responses. Furthermore, at 


these liminal intensities, the randomness is 
reflected in the behavior of the retinal ele- 
ments, and the flicker seems to be localized in 
various random areas of the alternating field. 


Since the critical flicker frequency is a 
threshold phenomenon, it is obviously useful 
in determining retinal sensitivity and thereby 
in studying the effects of various pathologi- 
cal conditions on the visual process. In the 
literature, the fine line of this logic is some- 
times lost. Critical flicker frequency meas- 
urements are used as direct evidence of 
pathology, with bypassing of the essential 
recognition that they are the effects of the 
pathology on a threshold estimate of the 
retinal sensitivity. Because of this weakness 
in logical analysis, and because the necessar- 
ily rigid procedure of threshold measurement 
is frequently omitted in experimental tech- 
nique, there exists a great deal of contradic- 
tion in reports of the application of flicker 
perception to the diagnosis of pathology. 

Markow ”° can be credited with one of the 
earliest attempts to apply flicker fusion to 
clinical ophthalmology, in 1901. In 1903 
Braunstein,2! with whom Markow worked, 
published specific results of the association 
of flicker fusion with a variety of ophthalmic 
disorders. 

Yamagishi,?* in 1953, suggested that the 
flicker-fusion test could be as valuable as the 
visual acuity test in ophthalmic practice. Yet 
we find such elementary divergence in opin- 
ion as Stevens’ ?* statement that atropine 
does not affect flicker fusion and Speiser’s ** 
measurements of the increase of fusion rate 
after dilation of the pupil, and decrease after 
contraction. 

As an example of such diversity of con- 
clusions, the references in Table 1 are ar- 
ranged as in agreement, in doubt, or failing 
to confirm the method of using criticai 
flicker frequency as a diagnostic tool in 
assaying retinal arteriolar function in hy- 
pertension and toxemia of pregnancy. It 
is our opinion that a considerable part of 
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TABLE 1.—Review of Reports on Critical Flicker 
Frequency as a Diagnostic Tool for 
Cardiovascular Disease 


Support Doubtful Not Confirmed 
1940 Enzer** 

1941 Simonson ** 
1942 Enzer*’ 

1950 Krasno ** 
1951 Brill** 

1951 Parviainen ** 
1952 Brill 

1952 Golden ** 
1954 Hilbert ** 


1951 Fox** 
1951 Russek ** 
1952 Marty ** 
1954 Feillard 
1956 De Laet** 


1952 Keys** 
1953 Morris +* 
1954 Kleberger 
1955 Landis *+* 
1955 Scher 


the disagreement could have been avoided 
if the various measurements had been under 
adequate psychometric control. 

Flicker-fusion measurements in the field 
of oxygen metabolism have been very suc- 
cessful. During World War II considerable 
attention was given to the problems of 
oxygen supply for aviators, who then were 
beginning to exceed lower oxygen-rich al- 
titudes with regularity. Of the many func- 
tions used to estimate oxygen deprivation 
and its effects, the measurement of flicker 
fusion was consistently successful, as shown, 
for example, by the reports of Seitz,** of 
McFarland,** of Birren,“ and of Scow.** 
These studies on oxygen deprivation are 
remarkable for their unanimity in a field of 
considerable disagreement. However, when 
one considers the high rate of oxygen 
metabolism in the retina, differences might 
be expected to be gross enough to escape 
the masking effect of the critical threshold 
range. 

As early as 1870, Exner ** showed a dif- 
ference in critical flicker frequency between 
the fovea and the periphery. In 1897 Ab- 
ney *® suggested the combination of flicker 
fusion and color in clinical perimetry. In 
1889 Bellarminow *° showed that there was 
greater sensitivity to flicker when the fixa- 
tion was eccentric. Lloyd®! reported the 
highest sensitivity to flicker in a zone about 
6 to 14 degrees peripheral to the fovea. 

It follows, therefore, that, unless some 
precaution is devised, a small undetected 
change in fixation during the testing will 
result in an error of the estimate of critical 
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flicker frequency. Those tests which are 
made in darkness or in dim rooms with 
bright and relatively small centrally fixated 
stimulus areas could well permit some rod 
function in the perimacular field of vision. 
This could cause a serious error and may 
explain some of the disputation between 
investigators. This suggestion is emphasized 
by the studies of Fry and Bartley ™ on 
the effect of stray light on retinal function 
and the report by Lythgoe and Tansley * 
that the brightness of the surroundings is 
the chief factor in determining whether the 
flicker responses are of the rod or the cone 
type. 

One other essential factor in the presenta- 
tion of the alternating stimulus must be 
examined. This is the effect of the relative 
light-dark ratio. In Talbot’s* earliest ex- 
periments he used a rotating disc, covered 
half with black paper and half with white. 
Ferry ** observed in 1894 that the Talbot- 
Plateau law seemed to be faulty with un- 
equal light-dark ratios. Hecht and Verrijp ™ 
reported that critical flicker frequency is 
maximum with light and dark of equal dura- 
tion but that the rate declines when either 
becomes significantly longer. Some recent 
investigators have used extremely short light 
flashes, from stroboscopic discharge lamps. 
With such apparatus, the light-dark ratio 
varies with frequency, since the light time 
is constant. Unless reports specifically state 
both the background conditions and the light- 
dark ratio, no absolute critical flicker-fre- 
quency values are meaningful outside of 
their specific context. 

Nevertheless, when flicker-fusion fre- 
quency is measured on a number of persons 
within the same set of stimulus conditions, 
the responses can be treated as grouped re- 
sults, with great reliability. Muecher and 
Wendt devised a group method and 
showed the value of the accumulated results 
of the group for precise measurement of the 
effects of caffeine on fatigue due to work. 
In the application of group techniques, we 
might do well to borrow from the methods 
of biologists, as for example Wolf’s ** study 
of bees or Beniuc’s ** study of fishes. For a 
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given situation, the conclusions, when based 
upon a group response, are justifiable and 
may be acceptable. Such group results have 
been published by Peckham **-® with appli- 
cation to the effect of sunlight on retinal 
sensitivity. 

In review, we find that alternation of 
the visual field will, at low rates, be accom- 
panied by both alternation in the electro- 
retinogram and alternation in perception. 
As the rate increases, the retina fails to 
discharge with regularity. The discharge be- 
comes random, both temporally and spatially, 
and, with further increase in frequency, it 
disappears in the electroretinogram and in 
perception. Since this disappearance of re- 
sponse can refer to flicker-fusion frequency, 
any study of the correspondences between 
perception and the electroretinogram must 
state the meaningfulness of the rate of al- 
ternation, be it gross flicker, random flicker, 
or close to the flicker-fusion threshold. In 
this latter case, the probability of fusion at 
the flicker-fusion frequency must also be 
statistically established for comparisons to 
become effective. 


Apparatus and Method 


It has been our effort to develop a flicker- 
fusion technique that will conform to the 
requirements for statistical control in order 
to yield reliable measurements on single per- 
sons, so that the technique can be applied 
more safely to clinical ophthalmology. It is 
not too difficult to establish specifications. 

1. The surrounding field should approach 
closely the Talbot level of the flickering area. 
2. The light-dark ratio should be 1.00. 

3. Either the contrast between the light 
and dark or the alternation rate can be 
varied. 

4. The stimuli must be presented as re- 
quired for psychometric methods, and the 
results must be treated statistically. 

Following these specifications, the ap- 
paratus was designed as shown in Figure 1. 
The projector, A, constantly illuminates a 
circular area on a screen at 84 foot-lamberts. 
The screen is 10 ft. from the subject, and 
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Fig. 1.—Schematic view of contrast flicker apparatus. The subject is seated at the chin rest, 


facing the screen. 


Background illumination is provided by Projector A as a large circular 


area on the screen. Projector B includes a sector wheel and projects the small inner spot, 
through selected filters in the two discs. The smaller disc controls gross contrast; the larger 
presents logarithmic units of contrast difference in random order. 


the area diameter is 14 in., or 8 degrees 
subtense. A second projector, B, illuminates 
a small overlapping area 2 in. in diameter, 
or 1.2 degree subtense, in the center of this 
field. The maximum brightness of the small 
overlapping area is 50 foot-lamberts, which 
is added to the background. The intensity 
of the smaller spot is controlled by neutral 
filters, mounted in two discs. The smaller 


disc contains four neutral gelatin filters, so 
that five densities, 0.0, 0.25, 0.50, 0.75, and 
1.00, can be introduced. The larger disc 
is provided with 20 neutral filters of lower 
densities : 0.0, 0.05, 0.10, 0.15, and 0.20, each 
being repeated four times. These lower den- 
sities in the larger disc are arranged in a 


random order. (Neutral density filters of 
these low values were acomplished by using 
cleaned panes of lantern-slide glass, cut in 
circles and mounted in piles. Two such 
panes have an effective density of 0.05, as 
measured with a Luckeish-Taylor bright- 
ness meter at the screen.) These combina- 
tions of filters permit the smaller spot to be 
presented in a series of logarithmic contrasts 
between 58% and 7.5%. Within the second 
projector, at the focal plane of the filament, 
there is provided a rotating sector wheel, 
which alternates the intensity of the smaller 
spot at the constant rate of 25 cps for equal 
light and dark periods. 

In practice, the subject is seated with his 
chin on the chin rest. The filters in both 
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discs are set for zero density. The subject’s 
attention is directed to the brighter small 
spot, and the sector wheel motor is started. 
The conditions are such that all subjects 
have immediately reported the perception 
of flicker in this central area. The small 
disc is rotated one step at a time to such 
a density that this flicker disappears into 
fusion (by reduction of the contrast), and 
then the least density on the smaller disc 
is chosen which permits the return of the 
flicker. The larger disc is now rotated one 
step at a time, in its fixed random order, and 
the subject reports either flicker or fusion, 
for each of 20 trials. His reports are re- 
corded in their order of presentation. The 
density of the smaller disc is then stepped to 
the next greater density, and the process 
is repeated. Usually the least density of the 
smaller disc will result in 20 or nearly 20 
records of flicker, and the contrast is de- 
creased with added steps of the smaller disc 
until 20 or nearly 20 reports of fusion are 
made by the subject. Usually not more than 
10 minutes is required to obtain and record 
these data. 


Treatment of Data and Results 


There are two methods of treating the 
data so obtained, one of which depends on a 
simple total count or “score” of flickers and 
is very rapid and applicable to clinical in- 
terpretation. The other method is more time- 
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consuming. It involves statistical analysis 
to provide internal evidence of reliability. 
Since these data include, in random order of 
presentation, a complete series of records 
of frequency of seeing at equal logarithmic 
intervals, the simple count of the number 
of trials when flicker is reported represents 
the summation of the probability for the 
total range. This count is a definition of the 
threshold. The count can readily be trans- 
lated to threshold contrast at the 50% prob- 
ability of seeing level, and hence comparisons 
of persons can be made immediately. From 
experience, we have learned that no subjects 
failed to report flicker at a contrast greater 
than 33%. The count of “flicker” is started 
at this level with the first filter of the 
smaller disc in place. Since each level of 
density in the larger disc represents an 
equal logarithmic unit of contrast, the higher 
the count score the lower the contrast 
threshold. A chart was prepared to facilitate 
this translation. The thresholds so estimated 
are shown in Table 3. ‘ 
For more intimate analysis, and to estab- 
lish self-contained estimates of reliability, a 
more complete study of the same data is 
required. Since the record form is consistent 
with the order of presentation, the fixed ran- 
dom order can be interpreted with a key 


Tas_e 2.—Typical Raw Data, After Collation 


Subject’s Responses 


Density Density 
in Small in Large Total Logie 
Dise Dise Density Contrast 


1.52 
1.47 
1.42 
1.37 
1.32 
1.27 
1.22 
1.17 
1.12 
1.07 
1.02 
0.97 
0.92 
0.87 
0.82 


0.25 0.00 
0.05 
0.10 


0.15 


* These values can be assumed from the subject’s behavior. 
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TABLE 3.—Critical Fusion Contrast Thresholds at 
About One Hundred Foot-Lamberts and 
Twenty-Five Cycles Per Second 


Analysis 
Case Thresh- Conform- 
old, % 8.E.% ity Test Score 


Younger group, from 16 to 30 yr. 


1 10.5 0.22 
10.5 0.25 
0.20 
11.7 0.22 
11.7 0.22 
11.7 0.17 
11.7 0.34 
12.0 0.22 
12.4 0.22 
12.9 0.14 
0.25 
44 0.23 
148 0.16 


Older group, over 40 yr. 


143 
M44 
48 
48 
15.1 
15.1 
15.3 
15.3 
15.5 
15.6 


0.25 
0.24 
0.20 
0.20 
0.28 
0.33 
0.28 
0.34 
0.27 
0.30 


12.0 
14.9 
13.1 


0.087 
0.12 
0.073 


Yes 
Yes 


Correlation (analysis vs. score) =0.943. 


form or a cardboard template, so that, for 
each contrast presented, the frequencies of 
the responses for “flicker” or “fusion” can 
be counted for that contrast level. Typical 
records for three subjects are shown in 
Table 2. 

The data can be expected to take the form 
of a normal-distribution ogive, for the criti- 
cal contrast interval between certainty of 
seeing flicker and certainty of reporting 
fusion. In fact, it is only within this short 
interval that the reports are truly meaning- 
ful. When the records of Table 2 are plotted 
on coordinate paper, as in Figure 2, an ogive 
can be fitted. The choice of ogive will de- 
pend upon the slope, or the standard devia- 
tion, of the data. A set of such ogives, with 
standard deviations from 0.01 to 0.06 logio 
units of contrast, was constructed on a 
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Score 
% 4 
10.2 
10.5 
11.1 
11.4 
114 
11.8 
11.8 
12.8 
12.8 
13.6 
14.4 
13.6 
| 
: 4 Yes 144 
15 Yes 144 
16 Yes 14.8 
17 Yes 14.8 
18 Yes 14.8 
19 Yes 15.3 
2 Yes 15.3 
: 2 Yes 15.3 
2 No 14.8 
B Yes 15.7 
: 1-13 Yes 
| = iba 
1-23 
of Flicker 
Case Case Case 
1 10 20 
0.25 4 
0.35 4° 4 4 
0.40 4° 4 4 
0.20 0.45 4° 4 4 
; 0.50 0.00 0.50 4 4 4 
0.05 0.55 4 3 
0.10 0.60 4 2 
; 0.15 0.65 3 0 
0.20 0.70 0 0 
0.75 0.00 0.75 o* 0° 
0.05 0.80 o* o* 
0.10 0.85 
0.15 0.90 o* o* 
0.20 0.95 o* o* 
Score=summation 43 35 2 
| 


c 
° 
a 
ae 
= 
2 


% Flicker Responses 


number of flicker reports 


0.90 LOO 1.20 1.30 
contrast 

Fig. 2.—Method of fitting log-normal Gaussian ogives to plotted critical flicker data from 
Table 2. Case 1 (solid circles), five critical levels; hence N=20 critical presentations; median 
=1.02 log units (10.5% contrast); S. D.—0.04 log unit; standard error—0.04/ V 20—0.009 
log unit (0.22%). Case 10 (open circles), three critical levels; N12; median=1.11 
log units (12.9%); S. D=0.02; S. E=0.14%. Case 20 (triangles), four critical levels; 
N=16; median=1.185 log units (15.3%); S. D—0.03; S. E.—0.28%. 


= Fusion Flicker —> 


100 


Younger Group 
16 to 30 years 


Older Group 
over 40 years 


Contrast in percent 
Fig. 3.—Individual (solid) and group (broken) Gaussian ogives, showing greater scatter 
and lower range in the younger group of 13 cases and higher-contrast threshold values for the 
older group of 10 cases. The curves indicate the statistical form of the threshold measurements 
and the reliability of individual estimates by this method. Contrast is measured with respect 
to the background luminance of 84 foot-lamberts with a constant flicker rate of 25 cps. 


T T T 
10 16 17 18 #9 20 21 22 


transparent base. By overlapping the trace 
of the ogive and the plot of the data, 
the best fit can be chosen, as_ indicated. 
The 50% axis determines the limen, and the 
best-fitting slope gives an estimate of the 
standard deviation. 

Figure 3 shows the traces of these best 
fitting long-normal Gaussian curves for each 
of the 13 younger and 10 older cases. The 
use of the contrast as a threshold, with a 
fixed frequency, has resulted in clear and re- 
liable differentiation between extreme cases 
in either group as well as between the 
groups as a whole. By varying the rate, the 
range of this contrast differential can be 
altered. Higher rates will require greater 
contrast but will tend to yield lower reliabil- 
ity. Lower rates permit even greater relia- 
bility of individual estimates but tend to 
become tedious and slow. A significant im- 
provement would be to devise a method 
which would permit the Talbot summation 
of the flickering spot to equal the back- 
ground, instead of being always higher as 
in the present apparatus. Contrast alone 
should be varied equally above and below 
the background level. When the flicker be- 
comes fusion, in such a presentation, the 
flickering area itself will disappear. This can 
be expected to reduce the subjects’ variability 
significantly and still further sharpen this 
tool for application to ophthalmic diagnosis 
of pathologic conditions. 

Only the reports in the threshold range 
should be used to estimate the reliability of 
the data, since there could be an infinity of 
presentations above the critical values for 
flicker or below them for fusion. An es- 
timate of the least number of such critical 
presentations can be made for each distribu- 
tion. This will include the last four reports 
of flicker, the reports in the random range, 
and the first four reports of fusion. When 
the standard deviation is divided by the 
square root of this least number of critical 
presentations, the standard error is obtained. 
Standard errors for each estimated limen are 
shown in Table 3. 

The data do not always fit a theoretical 
ogive perfectly. To determine the conform- 
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ity of the data to the chosen ogive, x’ is 
estimated from the divergencies at each level 
from the curve. The words “yes” and “no” 
in Table 3 indicate whether the x*-test satis- 
fied the 5% level of probability. 

This is a laborious procedure and cannot 
be recommended for clinical application. It 
was carried out only to demonstrate the 
reliability of the data and hence to estab- 
lish the usefulness of the method. Without 
an estimate of standard error, we could not 
be sure that the individual differences are 
as meaningful as they can be demonstrated 
to be. In practice, it is much easier to esti- 
mate the critical contrast from the score 
count. Such “score” estimates correlate 
closely with the exactly determined 50% 
level of critical contrasts, with a product- 
moment correlation index of +0.943. 

In interpreting group differences, a some- 
what different procedure is applied. By the 
methods of probit analysis,*' the data for 
the entire group are summated. The median 
scores and standard errors are shown in 
Table 3. When a difference is over twice 
a standard error, the 5% fiduciary limit is 
surpassed. The difference between the 
younger and older groups is 2.9%, which, 
divided by 0.08%, exceeds 30, assuring the 
reliability of the difference, beyond any 
chance association. This difference is found 
to be the elevation of the contrast threshold 
in the “older” group. This method of 
analysis does not yield an estimate of the 
validity of the difference. That is, we have 
not here attempted to establish how much 
difference there is. To do so, a great many 
more subjects would have to be examined. 


Conclusions and Comment 


In conclusion, we have shown the follow- 
ing : 

1. The psychometric method can be con- 
veniently applied to the estimate of critical 
flicker frequency, by holding the frequency 
constant and varying the contrast. 

2. With such a method, internally reliable 
estimates of individual thresholds can be 
determined. 
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3. The method can be applied in a manner 
consistent with the needs of clinical practice, 
with use of only a few minutes of time for 
both collecting the data and interpreting the 
results. 

4. A useful improvement of the method 
would be to prepare the presentation in a 
manner that presents contrasts alternately 
above and below the background luminance, 
with the same methods of treating the data 
as here presented. 

5. The measure of critical flicker fre- 
quency is a ‘measure of a threshold, and 
correlations between  flicker-fusion fre- 
quency and electroretinograms should refer 
to the statistical probability of the flicker. 

Since the critical flicker frequency is a 
threshold function and, as such, should be a 
retinal function, electroretinographic esti- 
mates of the critical frequency are subject 
to the same laws of probability that govern 
the psychophysical estimates of its value. 
It does not suffice to record the disappear- 
ance of an amplified retinal or corneal 
electric potential unless that potential is 
correlated with the subjective response or 
some proven assurance is given that the 
signal-noise ratio of the amplifier is superior 
to that of the retina itself. 

The present report has been directed 
toward refining a diagnostic method so that 
it can be applied to past problems as a 
measure of retinal sensitivity. Of particular 
interest is the application toward diagnosis 
and prognosis of hypertension (Krasno and 
Ivy *8); to the determination of macular 
function behind  cataractous opacities 
(Jacobson *) ; to flicker perimetry (Kleber- 
ger ®) ; to the effects of exposure on retinal 
sensitivity (Peckham ®), especially with 
respect to aviation; to the measurement of 
retinally stable images (Riggs ®*), and to 
the exact correspondence between subjective 
and objective flicker fusion (Goodman and 
Iser 
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Subluxation of the Lens Following Detachment 
Surgery 


RICHARD D. RICHARDS, M.D., Waterloo, lowa, and PHILIP P. ELLIS, M.D., lowa City 


Displacements of the lens can be classified 
into three groups, namely, congenital, trau- 
matic, and spontaneous (or consecutive). In 
nearly all of the cases in these types the 
primary disturbance is in the lens zonule, 
which is the most important structure in 
maintaining the position of the lens. In 
the congenital group there is a failure of 
development of the normal anatomic rela- 
tions of the lens zonule and the lens may 
become displaced before birth or in postnatal 
life, even several decades after birth. In 
the traumatic type of displacement there is 
an actual tearing, directly or indirectly, of 
the zonules. The spontaneous type results 
from some ocular disorder, such as-uveal 
inflammation, high myopia, hydrophthalmos, 
or hypermature cataract. The mechanism 
involved here consists of zonular or vitreal 
degeneration with subsequent displacement 
of the lens. Traction bands pulling the lens 
out of position have been previously ob- 
served. These have developed following 
severe intraocular inflamations and hemor- 
rhages. To the best of our knowledge no 
case of lens displacement has been reported 
to have resulted from vitreous bands de- 
veloping after retinal detachment surgery. 

The following case illustrates this unusual 
complication of retinal surgery. 


Report of a Case 


A 15-year-old white girl was first seen 
in the University eye clinic Sept. 30, 1954, 
with a history of blurring in the upper 
field of vision of the right eye for about 
three months. She had had no previous 
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ocular difficulties except that she had worn 
glasses for myopia for the previous two 
years. There was no significant family 
history. 

On examination it was found that the 
vision in the right eye was reduced to hand 
movements. In the left eye her corrected 
vision was 20/20. The refractive error was 
R. E.—2.00=—1.00X 130 and L. E.—4.00 
=-—0.25X75. The external examination re- 
vealed no abnormalities. On ophthalmo- 
scopic examination the right retina was 
found to be detached inferiorly. The area 
of elevation involved both inferior quadrants 
and extended just above the macular area. 
There were some retinal folds in the inferior 
nasal quadrant. No holes were seen. The 
left eye did not show any myopic changes 
in the fundus. Visual fields of the right eye 
showed a loss of the superier field. 

The patient was admitted to the hospital 
and put to bed with binocular bandages. 
After five days of such management the 
retina had settled considerably, though it 
was still slightly elevated below and nasally. 
On Oct. 5, 1954, an electrocoagulation of 
the retina was performed in the inferior 
nasal quadrant. A double row of partially 
penetrating cautery punctures was applied 
from 3 to 7 o'clock, extending from the 
ora serrata back to about 14 to 15 mm. from 
the limbus. No fluid was obtained on at- 
tempted drainage in the encircled area. No 
vitreous was encountered. 

The immediate postoperative course was 
uneventful. The retina appeared to be in 
place on the first examination, five days after 
surgery. Ambulation was started on the 
seventh postoperative day. At the time of 
discharge, 12 days after surgery, the retina 
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was in place. The area of cautery was well 
visualized and ran from 3 to 7 o'clock just 
behind the equatorial region. 

The patient was discharged with pinhole 
goggles and was not seen until one month 
later. At that time, it was thought that the 
retina might be slightly elevated distally to 
the area of cautery, which was well outlined. 
The macular area showed fine pigmentary 
degeneration. The best vision that could 
be obtained was 20/400. Use of the pin- 
hole glasses was discontinued, and the pa- 
tient was rechecked in two months. The 
retina appeared flat at this time. The patient 
was seen again at intervals of 2 months, 
6 months, and 12 months. On all of the 
examinations the retina appeared flat. The 
area of coagulation was well visualized. 
There was not significant vitreous reaction. 

The patient was not seen again until June 
8, 1956. At this time, it was found that the 
retina was again elevated below. The eleva- 
tion of the retina extended up midway be- 
tween the macula and the equator. Again, 
no holes were found. On July 26, 1956, a 


lamellar scleral resection was performed. 
This extended from 3:30 to 8:30 o'clock. 
A strip of sclera approximately 4 mm. wide 
was removed, with the posterior lip being 


about 14 mm. from the limbus. Surface 
diathermy was applied in the area of the 


Fig. 1.—Slit-lamp appearance of the right eye, 
showing displacement of the lens below and 
temporally. Zonular fibers visible above and nasally. 


Richards—Ellis 


Fig. 2.—Diagramatic representation of fibrous 
strands running from detached retina to posterior 
inferior surface of lens, causing an inferior sub- 
luxation. 


resection before the sutures were tied. No 
subretinal fluid was obtained on attempted 
drainage. 


The patient was discharged on the 12th 
postoperative day. At this time, the vitreous 
was very hazy, but it was thought that the 
retina was in place. The patient was seen 
six weeks later. At this time, it was observed 
that the retina was definitely detached below. 
There were multiple fine vertical strands in 
the vitreous behind the lens. On the pos- 
terior inferior portion of the lens there was 
a white membrane. There was no evidence 
of anterior uveitis. Fundus details were 
well seen above. No further surgery was 
advised. 

The patient was reexamined at two- to 
three-month intervals for the next year. At 
the time of these examinations it was noted 
that the strands in the vitreous were becom- 
ing denser and were attaching to the pos- 
terior inferior surface of the lens. Posterior 
subcapsular opacities were also beginning to 
appear. The retinal detachment appeared 
unchanged. 

On July 11, 1957, it was first observed 
that the lens in the right eye was becoming 
subluxated. The lens was displaced down- 
ward and temporally. Zonular fibers were 
visible in the upper and nasal area of the 
dilated pupil (Fig. 1). 
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The patient was seen for the last time on 
Aug. 21, 1957. At this time the subluxation 
appeared a little more marked. The lens 
opacities were more advanced. In addition 
to the posterior subcapsular opacities there 
were some water clefts in the anterior cor- 
tex and some wrinkles on the anterior sur- 
face of the capsule below and temporally. 


Comment 


It is our opinion that this case represents 
a displacement of the lens resulting from 
traction bands pulling on it from behind 
(Fig. 2). These traction bands apparently 
developed as a result of damage to the 
vitreous by electrocautery during the second 
detachment procedure. There was no clinical 
evidence of any significant degree of en- 
dophthalmitis which might have affected 
the integrity of the lens zonules. Since the 
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bands did not become dense until several 
months after the surgery and the lens did 
not become displaced until one year after the 
surgery, it was felt that there was direct 
traction on the lens capsule without previous 
damage to the zonule. The myopia was not 
considered a significant factor. 


Department of Ophthalmology, University of 
lowa. 
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Unsuspected Intraocular Malignant Melanomas 


TORRENCE A. MAKLEY Jr., M.D., and ROY W. TEED, M.D., Columbus, Ohio 


The treatment of a blind eye with opaque 
media, but otherwise quiet and nonreactive, 
presents the ophthalmologist with a serious 
problem. He must decide whether the eye 
should remain and the patient be kept under 
observation or whether it should be enucle- 
ated because of possible danger of missing 
a hidden neoplasm. Complicating factors in 
arriving at a decision are the distress of 
many patients at the thought of losing an 
eye and the reluctance of the surgeon to take 
out an eye that is not a known cause of 
danger and substitute a prosthesis with its 
inherent shortcomings. 

In an effort to provide more information 
on which to base such decisions, we have 
reviewed two series of cases at the Armed 
Forces Institute of Pathology: (a) One con- 
sisted of 1000 cases of intraocular malignant 
melanoma, in which were 212 eyes with 
opaque media (21.2%); (b) the other series 
consisted of 969 eyes with opaque media and 
history of blindness for six months or 
longer, 37 (3.8%) of which harbored un- 
suspected malignant melanomas. 

Malignant melanoma was unsuspected in 
113 of the 212 eyes, or 11.3% of the group 
of 1000 cases. This is approximately the 
same percentage found in 228 cases of 
malignant melanoma recently reviewed by 
Kirk and Petty,' in which 24, or 10.5%, 
were unsuspected. 


Clinicopathologic Data 


The age distribution of the 212 patients 
with hidden intraocular melanomas (Table 
1), as well as the sex distribution (127 males 
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TaBLe 1.—Age Distribution 


Per Cent 

Cases, No. Distribution 
09 
14 
5.7 
19.3 
26.4 
23.6 
15.6 
2.8 
43 
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and 85 females), was much the same as in 
other large series of intraocular melanomas. 

The incidence of clinical diagnoses is 
shown in Table 2. Since in each instance 
the media precluded a view of the posterior 
segment, the neoplasms were suspected in 
only 46.7% (99 eyes) and the clinical inter- 
pretation was wrong in 53.3% (113 eyes). 
The most frequent clinical diagnoses other 
than the suspected neoplasms were the fol- 
lowing : glaucoma in 88%, cataract in 12.7%, 
detached retina in 12.7%, intraocular hemor- 
rage in 9.0%, and phthisis bulbi in 5.7%. 
The remaining clinical diagnoses consisted 
of inflammatory diseases of all elements of 
the eye, including ulcer of the cornea and 
just “blind painful eye.” 

The duration of symptoms is perhaps best 
established by the history of reduced visual 
acuity. In the cases of hidden melanomas, 
symptoms had been present from 1 month 
to 22 years (Table 3). Eighty per cent of 
the patients had had visual difficulties for 
six months or longer. As we have stated, the 
incidence of glaucoma was very high. 
Measurements of 204 of the eyes revealed 
normal tension in only 6 (3%) and lowered 
tension in 12 (6%). Although detached 
retina is practically always present in eyes 
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TasLe 2—Incidence of Clinical Diagnoses in 212 


Cases of Hidden Melanomas * 


Per 
Cent 


Cases, 
Clinical Diagnosis No. 
Absolute or secondary glaucoma 
Suspicion of intraocular tumor 99 
Cataract 
Detached retina 
Intraocular hemorrhage 
Phthisis bulbi 
Endophthalmitis 
Uveitis 


87.7 
46.7 
12.7 
12.7 
9.0 
5.7 
4.7 
38 
2.8 
2.4 
24 
19 
14 
14 
0.9 
0.9 
0.9 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 


Chorioretinitis 

Simple glaucoma 

Sympathetic ophthalmia 
Intraocular foreign body 
Coats’ disease 

Retained uveal tissue (after evisceration) 
Ectasia of globe 

Malignant keratoconjunctivitis 
Necrosis of cornea 

Iritis 

Anterior staphyloma 
Buphthalmos 

Optic atrophy 

Gumma 

Rubeosis iridis 

Corneal staphyloma 

Cyclitis 

Megalocornea 


2 
10 
6 
5 
5 
4 
3 
3 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


* Percentages add to more than 100 because some patients had 
multiple diagnoses. 


with malignant melanomas of the choroid, 
it is missed in this series because of the 
opaque media. Forty-three operations were 
performed on these eyes before enucleation. 
As would be expected, most of the opera- 
tions were attempts to control the elevated 
tension. There was a history of trauma in 
29 cases. 


Taste 4.—Histologic Types of Malignant 
Melanoma in Eyes with Opaque Media 


Per Cent 

Cell Type * Cases, No. Distribution 
19 
21.4 
48 
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TABLE 3.—Duration of Reduced Visual Acuity 


Per Cent 


Cases, No. Distribution 


Melanomas of all the different cell types 
(Callender’s classification?) were repre- 
sented in the 212 eyes (Table 4), but the 
percentage of tumors too necrotic for class- 
ification was larger than in other series.** 
It is possible that, in many of these eyes with 
necrotic melanomas, inflammatory processes 
incited by the tumors may have been the 
cause of opacification of the media. 

Because of difficulty in diagnosis and 
delay in enucleation, one would expect the 
mortality rate to be high in this group of 
patients. Follow-up data for a five-year 
period were obtained on 154 (739%) of the 
212 patients. The outcome according to 
cell type is presented in Table 5. Although 
the number of cases followed for five years 
is small, the prognosis does not seem sig- 


nificantly changed. 


Comment 


From this study it is apparent that there 
is an element of danger in the blind eye 


TaBLe 5.—Outcome According to Cell Type 
(Five-Year Follow-Up After Enucleation) 


Vol. 60, Sept., 1958 


— 
20. 
14. 
12. 
5. 
Panophthalmitis — 
Blind painful eye 100.0 
Choroiditis 
Corneal ulcer 
No diagnosis 
: Cases, Dead, 
St Cell Type Living Dead No. % 
52 24.8 3 37 8.1 
93 61 154 39.6 ; 
* Atypical in two cases. 
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with opaque media. Since the patient is 
usually reluctant to part with an eye, even 
though it is blind, several things should be 
considered before enucleation is urged. 
The age of the patient is important. There 
is little chance that a blind eye in a patient 
under 40 years of age would harbor a ma- 
lignant melanoma. Also, if the person is 
very old and feeble one would probably 
decide to leave well enough alone rather 
than cause undue concern over an eye 
which has been blind for years. Duke- 
Elder® states that cases of intraocular 


melanoma in persons over 80 years of age 
are exceptionally rare. 


In Negroes intraocular malignant mela- 
noma are extremely rare, and a blind eye 
with opaque media, even if it were painful, 
would not have the same connotation in 
a Negro that it does in a white person. 
The history is usually long-standing in 
these cases and consequently vague, but 
these patients have almost always had some 
medical treatment or advice before. A 
history of injury would not be significant, 
but a history of bouts of pain, an operation 
for unilateral glaucoma, or a detached ret- 
ina should arouse suspicion. These patients 
should at least be made aware of the possi- 
bility of their blind eye harboring a tumor. 
Transillumination and a careful search for 
epibulbar tumor nodules in these eyes occa- 
sionally give added information. 

Finally, if the eye is blind and painful 
or the tension is elevated it is the duty of 
the ophthalmologist to urge removal. Under 
these circumstances the patient is usually 
ready to part with the affected organ. 

In 1925 Neame and Khan® examined 
402 eyes enucleated for glaucoma. Forty 
(10%) of these eyes contained malignant 
melanomas. Four per cent were blind glau- 
comatous eyes in which there was no sus- 
picion of a new growth. They urged 
enucleation of all blind painful glaucoma- 
tous eyes, especially if the glaucoma is 
unilateral. 

Several cases reviewed were of more 
than usual interest. A malignant melanoma 
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developed in an eviscerated eye in which 
some uveal tissue must have been left be- 
hind. The evisceration took place five years 
previous to the discovery of the orbital 
mass. No record exists of histological ex- 
amination of the contents of the eviscera- 
tion, but one wonders whether this eye 
harbored a malignant melanoma. While in 
most cases the intraocular tumor was of 
significant size and was seen grossly when 
the eye was opened, in one case the lesion 
was only discovered after microscopic ex- 
amination.* The eye had been removed 
after injury. After three years of pain in 
the left eye due to glaucoma and corneal 
ulcer a patient requested that his eye be 
removed. An iridectomy had been done 
without lowering the tension. On section 
this eye contained a malignant melanoma. 
The following case highlights the problem 
here. A 62-year-old man was hit in the left 
eye by a piece of steel in 1904 and devel- 
oped a traumatic cataract. Nothing was 
done about this cataract, on the advice of 
one of the doctors consulted, but he was 
told to have the eye watched carefully. In 
spite of recurrent episodes of pain for 
many years the eye was never removed. 
It finally became phthisical and was enu- 
cleated 22 years after the original injury. 
An intraocular melanoma was found with 
extrabulbar extension. The patient died 
one year later of generalized metastases. 


Conclusions 


Approximately 20% of the eyes proved 
pathologically to contain malignant mela- 
noma of the choroid or ciliary body had 
opaque media which prevented visualization 
of the tumor clinically. 


In over 11% of eyes with opaque media 
proved to contain malignant melanomas of 
the choroid or ciliary body there was not 
even the clinical suspicion of the presence 
of an intraocular neoplasm. 

Malignant melanomas found in eyes with 
opaque media are more likely to be of the 
necrotic type than are melanomas in eyes 
with clear media. 


477 


4 Re 
ie 
4 
> 
= j 


Hidden melanomas are much more likely 
to be characterized clinically by the pres- 
ence of glaucoma than are melanomas which 
can be visualized through clear media. 

Almost 4% of the adult Caucasian eyes 
with clinically opaque media which came to 
enucleation were found to have hidden 
melanomas on pathologic study. 


Department of Ophthalmology, University Hos- 
pital (10). 
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Dominant Hereditary Optic Atrophy with Bitemporal 


Field Defects 


P. THOMAS MANCHESTER Jr., M.D., and F. PHINIZY CALHOUN Jr., M.D., Atlanta 


In April, 1946, a patient presented him- 
self with the complaint of failing vision. 
He was found to have bilateral simple optic 
atrophy and bitemporal hemianopsia. The 
most likely cause of such a picture appeared 
to be intracranial disease involving the optic 
chiasm. The history of the patient’s family 
was unique in that several other members 
also had optic atrophy and_ bitemporal 
hemianopsia. Furthermore, the condition 
did not conform to the usual characteristics 
of Leber’s disease in its onset or in its 
clinical course. 


Analysis of Cases 


The family under consideration is af- 
fected by no hereditary trait other than that 
of optic atrophy. All the members of the 
family are of average intelligence and have 
no physical signs of pituitary disturbance. 
With the exception of the two oldest mem- 
bers described, the information concerning 
these patients has been obtained from direct 
examination. Facts relating to the two 
oldest members are anamnestic. In the first 
generation there are 10 siblings. I1 and 19 
are no longer living. The older of the two, 
who died at the age of 68, must have been 
responsible for transmission of the optic 
atrophy, as his vision was said to have been 
poor all of his life and was much worse in 
his later years. His sister lived to the age 
of 87 with no eye trouble whatsoever. 

All nine living patients of the second 
generation were examined, and three were 
found to have optic atrophy. Patient IT-3, 
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aged 61, was examined in 1946, when he 
came in saying that he wanted glasses. His 
vision had always been good and was re- 
corded as 20/30 in each eye after correc- 
tion. His general health was good, and his 
eyes were normal except for temporal 
pallor of the nerve heads. Visual field stud- 
ies, with use of the tangent screen, revealed 
the bitemporal defects traced in Table 1. 
His peripheral fields were normal for the 
larger isopters. 

Patient II-5, a brother, also had good 
central vision. In the right eye it was 
20/30+-, and in the left eye, 20/30—. The 
positive findings were a slight myopic astig- 
matism and a small myopic conus on oph- 
thalmoscopic examination. The nerve heads 
showed definite temporal pallor. Both 
maculae were filled with many fine drusen 
bodies. Again, the only field changes were 
found on the tangent screen. 

Patient II-6, aged 53, had done well in 
school in spite of the fact that she never 
had perfect vision. Her eye condition grad- 
ually became worse when she was 41 years 
old, and, during the 12-year period before 
we saw her, her vision continued to fail 
slightly. Examination revealed her vision 
to be 20/100 in each eye, and the optic 
nerves showed generalized pallor. There 
were no inflammatory signs, and her ret- 
inae were normal. Visual field studies 
showed bilateral central scotomata. It is 
important to note that this type of scotoma 
differed from that characteristic of Leber’s 
disease. The scotoma of Leber’s disease is 
large and globular and extends well on both 
sides of the midline. The scotomata de- 
picted here resembled more those of toxic 
amblyopia in being small and in barely 
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TABLE 1—Patient Summary 


Vision Tangent Screen 
Peripheral 
Case Age, Yr. Right Left Field Left Right 


Optic Disc 
I 1 Died at 68 “Good vision” 


II 3 61 20/30 20/30 Full 3. Temporal optic atrophy, 
5/330 W no signs of neuritis 
1/1000 W 1/1000 W 
10/1000 R 
\ 
5 55 20/20 20/20 Pull ? 3 Temporal optic atrophy, 
2/330 W no neuritis 
116 53 «20/100 20/100 Full to 3, Generalized optic 
5/330 W | atrophy, no neuritis 
2/1000 W 
15/1000 R 
A 
{ \ 
5/330 W 


III 8 21 20/100 20/100 Full to 
2/330 W 
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crossing the midline. The vision in this 
case was surprisingly good, considering the 
fact that there was such a dense central 
scotoma. 

Patient III-10, the propositus, was an 
intelligent Emory University student 22 
years of age. He was vague about the onset 
of impaired vision, but he qualified as a 
rifleman in the E. T. O. He was retracted 
at Lawson General Hospital in 1945, 
at which time the vision was 20/30 in his 
right eye and 20/40 in his left eye. How- 
ever, his vision seemed to diminish there- 
after until we saw him, on April 2, 1946. 
His corrected vision was 20/50 in the right 
eye and 20/100 in the left eye. The optic 
fundi were normal except for marked tem- 
poral pallor of the nerve heads. Visual 
field determination revealed bitemporal 
hemianopsia to color targets. The large 
isopters were normal. In addition, there 
were small central scotomata which resem- 
bled the junction scotoma of Traquair. 

The patient was seen by a neurosurgeon, 
who suspected a chiasmal lesion, as we did. 
However, x-ray studies of the sella revealed 
no abnormality, and, as it was reported that 
other members of the family were similarly 
affected, surgery was deferred. Relatives 
of the patient were called in, and some of 
them exhibited optic atrophy and _ bitem- 
poral field defects. Between the years 1946 
and 1957 we followed the patient closely 
and were unable to find any change in the 
vision, visual fields, or appearance of the 
optic nerves. 

Patient III-8, aged 21, could not remem- 
ber the onset of her poor vision. However, 
when she was first examined, she was 
found to have 20/100 vision in her right 
eye and 20/100+1 in her left eye. There 
was pallor on the temporal side of each 
optic disc. The right macula seemed indis- 
tinct, but the left one was normal. X-ray 
films of her sella and a complete neuro- 
logical study revealed no abnormality, al- 
though there were bitemporal field defects. 
She was last seen in 1949, three years after 
her first examination, and the vision had 
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decreased slightly to 20/200 in her right 
eye and 20/100 in her left eye. 


Comment 


It has long been recognized by geneticists 
that optic atrophy can be inherited by sev- 
eral different mechanisms.’ Recently, how- 
ever, we have begun to correlate different 
clinical pictures with the various modes of 
inheritance. In practice, distinction should 
be made between sex-linked “hereditary 
optic neuritis,” described by Leber in 1871, 
and a second familial degeneration of the 
optic nerves which demonstrates true domi- 
nant factor inheritance. The latter runs 
a clinical course which can be differentiated 
from the former. A third group is reces- 
sive congenital optic atrophy, which usually 
is recognized very easily and poses no prob- 
lem. This condition occurs chiefly as the 
outcome of consanguineous union, and 
characteristically it causes complete or al- 
most complete amaurosis. It is little men- 
tioned in the literature because the patients 
have usually been inmates of institutions 
for the blind from an early age and, there- 
fore, are not seen in general practice.” 

Clinical Characteristics —Leber’s optic 
atrophy, which can be separated from the 
other types by the family tree, has one 
specific feature which is unusual. It begins 
as a true optic neuritis with sudden onset 
and a rapid loss of vision. The patient 
develops a large central scotoma which per- 
sists throughout his life with little or no 
alteration except for an occasional change 
to a small ring scotoma. On the contrary, 
dominant optic atrophy has no inflamma- 
tory characteristics. The onset is gradual 
and vague. Most of these patients state 
that their vision has always been poor. 
They usually develop only peripheral field 
changes or relative central scotomata, and 
their vision is not often markedly impaired. 
This is shown in Table 2. 

Genetic Differences—Leber’s optic atro- 
phy resembles sex-linked recessive traits in 
primarily affecting men who have acquired 
the disease from their seemingly normal 
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TABLE 2.—Clinical Comparison of Leber’s and Dominant Optic Atrophy 


Ultimate 
Age of Type of Dise at Appearance Ultimate 
Sex Onset, Yr. Onset Onset of Nerve Head Vision Visual Fields 
Leber’s optic Males 18-25 Acute Hyperemia, Generalized Usually Large central scotoma or 
atrophy optic neuritis pallor, secondary c. f. small ring scotoma 
type of optic 
atrophy 
Dominant Both males First decade Vague Temopral Temporal 10/200 to. (1):~ Peripheral constric- 
optic atrophy & females pallor, no pallor 20/30 tion, 
papilledema (2) central scotoma usu- 
ally relative, 
(3) bitemporal hemian- 
opsia 


mothers. However, there are two remark- America, a surprising fact, for which no 
able features which should be noticed: acceptable explanation has yet been pro- 
First, women are sometimes affected, more vided, and, second, transmission of the con- 
commonly in Japan than in Europe or dition is only through the females. Affected 
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Leber's Optic Atrophy 


Doninant. Cptie Atrophy 


3 
Our Fatients 
O Normal female @:Affectec male 
Sex unlmom @iDied in childhood 
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males always have normal children and 
normal grandchildren. This is not true of 
the ordinary sex-linked hereditary traits 
such as hemophilia or color blindness, in 
which affected males do transmit the trait 
to their grandchildren through carrier 
daughters. In Leber’s disease, mothers who 
transmit the disease do not acquire their 
abnormal gene from their fathers but from 
their mothers, who were also, in turn, car- 
riers and received the gene from their 
mothers. This is demonstrated in the Fig- 
ure. If we understood why males affected 
with Leber’s optic atrophy never transmit 
the optic atrophy, we might possess a key 
of tremendous eugenic importance. Similar 
phenomena are found only in the plant 
kingdom. 

Dominant hereditary optic atrophy, on 
the other hand, is a simple trait which fol- 
lows Mendelian laws without variance. 
Affected males transmit the disease to one- 
half of their sons and one-half of their 
daughters. Affected females transmit the 


condition in exactly the same manner. 
There is no record of a homozygous patient 
with dominant optic atrophy. If there were, 
we would expect all the children of the 
succeeding generation to be affected. The 
gene is autosomal. 


The Figure also shows the geneology of 
our patients, which can immediately be 
distinguished from that of Leber’s optic 
atrophy by the evidence of transmission 
through an affected male. This never hap- 
pens with Leber’s “optic neuritis.” The 
clinical picture of our patients, as well as 
their family tree, places the disease in the 
category of dominant hereditary optic atro- 
phy. Though the consanguinity noted here 
is coincidental, it provides further evidence 
that the distaff side of the family was not 
responsible for transmission of the optic 
atrophy, for otherwise some of the children 
should have been affected. 


A most interesting feature demonstrated 
by our patients is their bitemporal hemi- 
anopsia. The boy (III10) was examined 
by a neurosurgeon, who advised explora- 
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tion of the sella. Not until other members 
of his family had been examined were we 
fully convinced that an operation was not 
indicated. He was the first member of this 
family to be seen. Traquair has stated that 
Leber’s hereditary optic atrophy can some- 
times give a false impression of chiasmal 
tumor in the form of a sector defect alter- 
ing the upper temporal fields. Two of our 
patients showed an abrupt stoppage at the 
midline. 

In the literature there are many 
family trees in which the optic atrophy 
seems to be inherited as an autosomal domi- 
nant trait. In these, four patients have 
bitemporal constriction of the visual fields.57 
Most of them have only generalized periph- 
eral constriction, and some have central 
scotomas. The only other benign cause of 
bitemporal hemianopsia is congenital obliq- 
uity of the optic discs, described by 
Rucker * and others. 

Walsh® states that patients with toxic 
amblyopia often have temporai loss of the 
color fields which progresses, finally leaving 
nasal half-moons when the fields are meas- 
ured on the tangent screens. This, of 
course, is in addition to the central scotomata. 
The central scotomata of our patients closely 
resembled those of toxic amblyopia in being 
small and extending beyond the midline only 
a few degrees. The scotoma of Leber’s 
disease, on the contrary, is characterized 
by being much larger and extending widely 
across both sides of the midline. Actually, 
our cases resembled toxic amblyopia cases 
in many respects, including the temporal 
nerve atrophy, gradual onset, temporal color 
defects, and the small centrocecal scotomata. 
It is interesting to note that Leber’s optic 
atrophy resembles other types of optic neu- 
ritis in the secondary nerve atrophy, the 
sudden onset, and the irregular large sco- 
toma. 

As for the location of the primary lesion 
in our patients, it may be either chiasmal 
or subchiasmal. However, since the periph- 
eral vision seems to be intact and the only 
defect is found on the tangent screens with 
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internal isopters, the abnormality may be 
a form of scotoma. Traquair has sug- 


gested this in dealing with the color fields 
of toxic amblyopia. 


Summary 
A family is described which exhibits the 
dominant form or hereditary optic atrophy. 
Several members of this family showed 
bitemporal hemianopic field defects. 
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Spontaneous Rotary Nystagmus in Unilateral 
Cholesteatoma of the Cerebellopontine Angle 


JOHN M. MEREDITH, M.D., and RAYMOND A. ADAMS, M.D., Richmond, Va. 


Spontaneous rotary nystagmus is rare, 
and its causes are likewise infrequent so 
far as neuropathologic entities of intra- 
cranial origin are concerned. A review of 
authoritative textbooks on ophthalmology '* 
reveals no case similar to the one described 
in this brief report. It was a striking find- 
ing, seen in the examination of a patient 
who had marked rotary nystagmus which 
occurred as he looked straight ahead, of 
entirely spontaneous origin. This was fre- 
quently observed a number of times daily 
by the patient and his physicians before 
operation. Because of the rarity of this 
clinical sign and its definite association in 
this case with a verified unilateral mass 
lesion of the posterior cranial fossa 
(cholesteatoma of the  cerebellopontine 
angle), we considered it advisable to report 
it. 

A 49-year-old white man was admitted 
to the Medical College of Virginia Hospital 
on Jan. 10, 1955. For 18 months previously 
he had noted slight deafness in his left ear, 
which was possibly becoming worse, al- 
though he was not entirely certain of it. 
Several months later hoarseness developed, 
and examination of the larynx one year 
before admission revealed weakness of the 
left vocal cord. For six months he had been 
unsteady in walking and had noted that he 
walked with his feet wide apart. Twitching 
movements of the left side of his face had 
occurred intermittently for several months. 
On Dee. 22, 1954, he had observed his first 
attack of spontaneous vertigo associated 
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with violent oscillatory movements of both 
eyeballs. These had occurred daily or a 
number of times daily from that date until 
admission to the hospital, 19 days later. 
The attacks would at first last only for a 
few seconds at a time and were accom- 
panied by tinnitus in the left ear and, occa- 
sionally, by nausea. On several occasions 
there was even active vomiting. By the time 
of admission, the bouts of nystagmus were 
occurring on the average of one every 10 
to 20 minutes during his waking hours and 
lasting from 2 to 4 minutes each. There 
was no headache associated with this syn- 
drome, and he had observed no symptoms 
referable to the nervous system except those 
noted above. 

Neurologically, he was in remarkably 
good condition from the objective stand- 
point. He would sit on the side of the bed, 
his feet hanging down, and seemed to be 
perfectly free of headache or other dis- 
abling symptoms. He announced, however, 
that every few minutes he was aware of a 
sudden violent oscillation of the eyes as 
he looked straight ahead which he was en- 
tirely unable to prevent or to bring on 
himself, in other words, apparently of com- 
pletely spontaneous origin. He walked with 
a wide base and staggered slightly. Rapid 
alternating movements of the hands and 
the finger-to-nose and heel-to-shin tests 
were performed rather awkwardly on the 
left side. When the patient was asked to 
look far to the right or to the left, nystag- 
moid jerks were present, with the greater 
amplitude on looking to the left. The pupils 
were equal and reacted to light and on 
accommodation convergence. There were 
no visual field defects, and the optic discs 
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appeared normal. The left corneal reflex 
was questionably diminished. There was 
no impairment of sensation over the face, 
and there was no weakness of the masseter, 
temporal, or other facial muscles. There 
was slight deafness on the left side, with 
lateralization to the right and with air con- 
duction better than bone conduction. The 
patient had no difficulty in swallowing, his 
voice was slightly hoarse; the palate devi- 
ated to the right, and the gag reflex was 
hypoactive on the left. There was no weak- 
ness or wasting of the tongue, the sterno- 
mastoids, or the trapezii. Caloric tests 
revealed a hypoactive labyrinth on the left, 
and examination of the larynx showed 
paralysis of the left vocal cord. Skull 
x-rays, including special views of the in- 
ternal auditory meati, revealed no abnor- 
mality. Spinal puncture showed the initial 
pressure to be 150 mm. of water, the fluid 
being clear, with only 15 mg. % of protein 
(normal) and 1 lymphocyte. The normal 
spinal fluid protein tended to eliminate an 
eighth nerve (acoustic) tumor. The spinal 
fluid serology was negative, as was the 
blood Wassermann test, and the spinal fluid 
mastic test was 00000. 

Because of the above signs and symp- 
toms, a mass lesion in the left cerebello- 
pontine angle was considered, perhaps an 
eighth nerve tumor or even a rarer lesion; 
this area was explored on Jan. 18, 1955. 
A large avascular pearly glistening tumor 
was found in the left cerebellopontine 
angle, composed of layers of onion-type 
tissue. Approximately 1 coffee-cup-full of 
this fish-scale-like material was scooped out 
practically bloodlessly, and the 5th, 7th, 8th, 
9th, 10th, and 11th cranial nerves perfo- 
rated the tumor and appeared as _ loose 
string-like structures as the avascular tu- 
mor material was being removed. The 
tentorium was clearly visualized anterior- 
ally, and the growth was finally completely 
removed except for a few tiny tags of 
tissue very adherent to the side of the pons. 
Because of the risk of injury to the pons, 
these bits of tissue were left in position. 


486 


A.M.A. ARCHIVES OF OPHTHALMOLOGY 


The dura was completely resutured. The 
tumor was estimated to be approximately 
the size of a large plum. The microscopic 
diagnosis was benign epidermoid tumor 
(pearly tumor). 

Postoperatively, the patient had a transi- 
tory sixth nerve palsy on the left and a 
diminished left corneal reflex, and dimin- 
ished hearing in the left ear persisted. A 
few brief attacks of spontaneous nystagmus 
similar to those which had been observed 
before operation occurred. His course in 
the hospital was characterized by progres- 
sive improvement, and he left the hospital 
Feb. 6, 1955, nineteen days after operation, 
being able to walk steadily. He has since 
done very well in the ensuing three (ap- 
proximately) years and now has very in- 
frequent spontaneous nystagmoid attacks 
(particularly in looking straight ahead) of 
the rotary type. The ultimate prognosis for 
this particular tumor is usually excellent. 

In the indexes of several ophthalmology 
texts consulted?* no reference was made 
to spontaneous rotary nystagmus due to a 
cerebellopontine angle surgical lesion, be it 
the more frequently encountered acoustic 
tumor or, as in this instance, a large pearly 
cholesteatoma of the cerebellopontine angle 
or other rare type of tumor in this region. 
Walsh! made reference to spontaneo ts 
nystagmus developing in congenital syphilis 
of the central nervous system and _ stated 
that Asherson had also such 
cases, but the serology in our patient, both 
blood and spinal fluid, was negative and 
syphilis was absent from the history. Duke- 
Elder? reported that Méniére’s syndrome 
of the cerebellopontine angle due to a le- 
sion in the internal auditory canal may 
involve the fifth, seventh, and eighth cranial 
nerves and often includes nystagmus, usu- 
ally toward the sound side; tinnitus; deaf- 
ness, and marked sudden vertigo, with 
past-pointing and falling toward the af- 
fected side. Our patient, however, had 
rotary spontaneous nystagmus with /ittle or 
no vertigo as he looked straight ahead. 
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Duke-Elder also stated that an intermittent 
spontaneous nystagmus was described by 
Majewski (1913) which, over intervals of 
some years, appeared and disappeared spon- 
taneously. Those attacks, however, were 
less than a second in duration ; our patient’s 
nystagmus attacks were of at least two 
to four minutes’ duration. Duke-Elder 
stressed that such a condition (as described 
by Majewski) has been seen in encephalitis 
lethargica (Cords, 1930) but usually occurs 
in functional disturbances associated with 
miosis and spasm of convergence. We have 
not encountered a case in the literature 


similar to the one herein described (i. e., 
due to intracranial tumor) and thought it 
advisable that this patient’s history and 
ophthalmologic findings be recorded as one 
of the rarer causes of spontaneous, rather 
violent, and sustained rotary nystagmus in- 
volving both eyes and appearing at frequent 
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intervals before operation, that is, every 
10 to 20 minutes during the waking hours 
of the patient, each attack lasting from 2 
to 4 minutes. 
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Aberrant Lacrimal Gland 


STACY R. METTIER Jr., M.D., San Francisco 


A survey of the English medical litera- 
ture reveals that there are six documented 
cases of aberrant tissue with a structure 
identical to that of the lacrimal gland in- 
volving the eye. Of these only two ex- 
tended onto the cornea. It is the purpose of 
this paper to review the known information 
on this subject and to present such a con- 
genital abnormality in which aberrant lacri- 
mal gland tissue involved the sclera and 
cornea. 

Frangois and Rabaey! reported finding 
a tumor located under the limbal conjunc- 
tiva of the right eye in a 36-year-old wom- 
an, who had first noted its presence at the 
age of 10 years. The position of the lesion 
was between 3:30 and 5 o'clock. It was 


described as a yellowish well-defined thin 


tumor measuring 5X3.5 mm. Histological 


examination revealed its structure to be 
identical with that of the lacrimal gland. 

Dame* reported a case in a 28-year-old 
Negro woman, who had first noted the 
lesion at the age of 13. It was described 
as a pink nonbleeding soft tumor measuring 
8X8.5x3.0 mm. It extended 2.5 mm. 
under the bulbar conjunctiva and 6.0 mm. 
onto the cornea of the right eye at 7 o'clock. 
It was covered with glistening epithelium 
and was firmly adherent to the cornea. 
Superior and parallel to the upper edge of 
the tumor and separated from it by 1.0 mm. 
of clear cornea was an arcuate corneal opac- 
ity 1.0X8.0 mm. in size resembling an 
arcus senilis. Pathological examination re- 
vealed well-developed acini of apparently 
functioning lacrimal tissue. 

In 1954 Boase* reported finding a tumor 
on the right eye of a 30-year-old African 
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woman which was pea-sized and located 
between the plica and the cornea. This was 
diagnosed as an adenoma of the lacrimal 
gland. 

The most recent case, reported by 
Hughes and Ballen,* consisted of two 
finger-like vascularized conjunctival projec- 
tions extending onto the cornea of the right 
eye. They had been present since birth. 
The upper mass, at 11 o’clock, was 2 mm. 
wide and encroached upon the cornea 6 to 
7 mm. The inferior mass was 4 mm. wide 
and extended onto the cornea at the 7 
o'clock position for a distance of 5 mm. 
Sections showed well-developed lacrimal 
tissue. 

Cases with intraocular involvement have 
been reported. Bruce* published a case in 
which a 2-month-old boy who had been 
born two weeks prematurely was found to 
have a tumor of the iris. This proved to 
be structurally identical to the lacrimal 
gland. 

Christensen and Anderson® described a 
case occurring in a 2-week-old infant in 
whom a tumor, composed of tissue indis- 
tinguishable from that of the lacrimal gland, 


ig. 1—External view of lesion described in 

case report. Tumor extends over both cornea and 

sclera. Note linear opacity beyond tumor margin. 
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was found involving the sclera, iris, and 
ciliary body. 


Report of a Case 


A 21-year-old white woman first sought 
medical consultation in October, 1953. She 
complained of a growth that had been pres- 
ent on the left eye since birth. There had 
been a possible increase in size in the pre- 
vious year. Examination showed a fleshy 
elevated nodule, 10X10 mm. in size, on 
the inferonasal aspect of the left eye. The 
main portion of the lesion involved the 
outer sclera, and there was a 3 mm. exten- 


Fig. 3.—High magnifi- 
cation reveals structural 
pattern identical to that 
of normal lacrimal gland. 


Fig. 2.—Low-power 
view of tumor with over- 
lying normal-appearing 
epithelium. 


sion onto the cornea (Fig. 1). There was 
a linear deposition of lipoidal material in 
the corneal stroma parallel to the corneal 
border of the lesion. The nodule was mod- 
erately vascular, soft, freely movable, and 
covered by normal-appearing conjunctival 
epithelium, and it blanched on pressure. 

The lesion was excised from the under- 
lying cornea and sclera by sharp dissection, 
accompanied by a moderate amount of 
bleeding. The underlying cornea was found 
to be opaque. 

Microscopic examination 
presence of 


revealed the 
normal-appearing lacrimal 
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gland tissue lying in the substantia propia 
of the conjunctiva. The glands were of the 
tubuloalveolar type and consisted of a 
basement membrane lined with glandular 
cells of the serous-salivary type. The lu- 
mens contained fat droplets and large pale 
secretion granules. Myoepithelial cells were 
present between the basement membrane 
and the bases of the glandular cells (Figs. 
2 and 3). 


Comment 


According to Mann,’ the lacrimal gland 
begins its formation at about the 25 mm. 
stage (second month) in the shape of some 
half-dozen solid outgrowths from the upper 
and outer part of the conjunctival sac. Ad- 
ditional outgrowths are added to these 
throughout the third month, and a set. of 
branching tubules with large-celled acini is 
thus produced. The gland is smaller at 
birth, growing during the first few years 
after birth with change in its character, 
the lumina increasing in size and the inter- 
vening connective tissue stroma becoming 
much thicker. 

Reese*® states that aberrant lacrimal 
glands may appear anywhere under the 
conjunctival surface but that their most 
usual site is over the lateral half of the 
upper and lower lids. These glands may 
be seen under the palpebral conjunctiva or 
under the bulbar conjunctiva or may be 
palpable through the skin of the lids. They 
are small localized tumors which represent 
congenital misplacements of normal lacri- 
mal glands, and histologically they differ 
in no way from the normal lacrimal gland. 
They are not, therefore, to be viewed as 
true neoplasms but may be mistaken for 
such. 

Pterygium, pseudopterygium, and der- 
moid tumor (Fig. 4) of the limbus must be 
differentiated from those lesions involving 
the cornea. If there is no extension beyond 
the limbus, one must add such conditions 
as lymphomata and papillomata. Reese * 
presented a case of reticuloendotheliosis 
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Fig. 4—External view of limbal dermoid. Note 
presence of cilia on tumor surface. 


with corneal involvement and with an ap- 
pearance almost identical to that of the case 
reported. He states that these lacrimal tu- 
mors are not to be viewed as true neo- 
plasms. Mixed tumors, however, may occur 
in such glands, regardless of position. As 
a result, it would seem advisable to perform 
an excisional biopsy and be guided by the 
pathological findings as to whether further 
removal or x-ray therapy is needed. 


Summary 


A case of an aberrant lacrimal gland 
involving the cornea and sclera is presented, 
with a review of the clinical and pathologi- 
cal findings. Cases of this nature that may 
be found in the English literature are re- 
viewed, and the possible significance of 
lesions of this type is indicated. 


490 Post St. 


REFERENCES 


1. Francois, J., and Rabaey, M.: Adenoma of the 
Limbal Conjunctiva, Brit. J. Ophth. 35:237, 1951. 

2. Dame, L.: Accessory Lacrimal Gland on the 
Cornea, Am. J. Ophth. 29:579, 1946. 

3. Boase, A.: Adenoma of the Conjunctiva, Brit. 
J. Ophth. 38 :380, 1954. 

4. Hughes, W. L., and Ballen, P. H.: Ectopic 
Lacrimal Gland, A.M.A. Arch. Ophth. 55:271, 
1956. 

5. Bruce, G.: Aberrant Glandular Tissue in the 
Iris, Tr. Am. Acad. Ophth. 56:47, 1952. 


Vol. 60, Sept., 1958 


of 
— 
J 
— 
| 


ABERRANT LACRIMAL GLAND 


6. Christensen, L., and Anderson, E. D.: Aber- 
rant Intraocular Adenomata and Epithelization of 
the Anterior Chamber, A.M.A. Arch. Ophth. 
48:19, 1952. 

7. Mann, I.: The Developmet of the Human 
Eye, New York, Grune & Stratton, Inc., 1950. 


8. Reese, A.: Tumors of the Eye, New York, 
Paul B. Hoeber, Inc. (medical book department 
of Harper & Brothers) 1953. 

9. Reese, A. B.: Limbal Tumefaction Due to 
Reticuloendotheliosis, read at the 9th Annual 
Ophthalmic Pathology Club meeting, Washington, 
D. C., 1955. 


4 
Mettier 491 


Marfan’s Syndrome 


A Report of Its Inheritance in Four Generations 


ROBERT C. WATZKE, M.D., Los Angeles 


Voluminous literature has accumulated on 
Marfan’s syndrome since Marfan’s original 
description in 1896 of a child with sym- 
metrical elongation of the extremities, mus- 
cular deficiency, and loss of subcutaneous 
fat. Numerous clinical reports have de- 
lineated a syndrome of widespread skeletal, 
ocular, and cardiovascular defects, with the 
emphasis of such investigations shifting in 
recent years to reports of alterations in the 
great vessels and their late effects. Recent 
reviews of the subject, namely, those of 
Ross in 19491 and of McKusick in 1955,? 
have summarized these clinical observations 
since Rados’ article in 1942,> and further 
survey at this time is probably unnecessary. 

There have been, however, comparatively 
few reports of the inheritance of these de- 
fects in a familial pattern.*® Recently I 
have had an opportunity to observe various 
manifestations of Marfan’s syndrome in a 
four-generation kinship. Believing that 
such documentation will be useful in study- 
ing the genetics of this condition, | should 
like to present a summary of this syndrome 
as its manifestations have occurred in a 
family whose members have been observed 
for several years in the Department of 
Ophthalmology, University Hospitals, Madi- 
son, Wis. 

In order to avoid needless repetition, only 
the pertinent positive and negative findings 
will be mentioned, although each member of 
the most recent (fourth) generation had a 
complete ocular and physical examination. 
A portion of the third generation could be 
similarly examined; for the others, we re- 
lied on written interview. Information of 
the second and first generation came either 
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from II 7, whom we judge to be a reliable 
informant, from written interview of the 
affected persons, or from their attending 
ophthalmologists. 

A short summary of the individual family 
members indicated in the Figure follows. 

Case IV 1—An 18-year-old girl of 
asthenic habitus had elongated terminal 
phalanges and a span-to-height measure- 
ment of 66:6634 in. At the age of 10, she 
was found to have bilateral ectopia lentis, 
with no other ocular abnormalities except 
the associated iridodenesis. The patient de- 
veloped a retinal detachment after an intra- 
capsular lens extraction, and reattachment 
surgery failed. The position of the left lens 
has changed little in the subsequent eight 
years, and her vision, with an aphakic cor- 
rection, was 20/200. No retinal abnormali- 
ties have been noted. 

Case IV 2.—A 17-year-old boy had a 
normal habitus, with normal ocular and 
physical status. 

Case IV 3.—A 15-year-old girl had a 
normal habitus and physical status. Span 
was less than height (63:65% in.). Ocular 
examination revealed a concomitant exotro- 
pia O. S. of 30 degrees. Both lenses were 
displaced superonasally, and vision was 
20/40 O. D. and 1/200 O. S. with an 
aphakic correction. Mydriasis was normal. 
No retinal abnormalities were apparent. 

Case IV 4.—A 14-year-old boy had an 
asthenic habitus, prominent antihelices, 
elongated terminal phalanges, a mild pigeon- 
breast deformity, and a basal systolic mur- 
mur, but he had no cardiovascular defects 
clinically. Span-to-height measurements 
were 70:70 in. He was alert and active. 
Successive ocular examinations over a pe- 
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riod of eight years have revealed superiorly 
displaced lenses, with progressive displace- 
ment of the right lens during that period. 
Vision was 20/40 O. D. and 20/50 O. S 
with an aphakic correction. Fundus exami- 
nation was negative. 

Case IV 5.—A 10-year-old girl had a 
normal habitus and a completely normal 
physical and ocular status. 

Case IV 6.—A 9-year-old boy has been 
followed from the age of 4 because of bi- 
lateral ectopia lentis. Periodic physical ex- 
aminations, including chest films and 
electrocardiograms, revealed no marked 
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skeletal or cardiovascular stigmata, although 
the boy was thin and had long terminal 
phalanges. Both lenses were displaced 
superotemporally, with detached zonular 
strands evident in both eyes; these strands 
disappeared in the left eye during the five- 
year period of observation. Mydriasis was 
excellent, and no retinal abnormalities were 
seen, 

Case IV 7.—A 6-year-old girl had a 
normal physical and cardiovascular status 
on clinical examination, with span-to-height 
measurement of 48:49 in. Ocular examina- 


tion revealed bilateral lens subluxations 
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superonasally. The right lens was in the 
pupillary axis, and vision was 5/200. The 
left pupillary axis was aphakic, and vision 
was 20/200. Retinal examination was nor- 
mal. 

Case IV 8.—A 4-year-old boy had a nor- 
mal physical and ocular status, a negative 
chest film, and span-height measurements of 
42:43 in. 

Case IV 15-month-old girl had a 
normal, even plump, appearance for her age, 
with a normal cardiovascular status and a 
span-to-height ratio of 33:35 in. There was 
very slight displacement of both lenses 
superiorly, which was only found after 
homatropine mydriasis. Because of len- 
ticular distortion, adequate fundus examin- 
ation was impossible. There was no 
iridodenesis. 

Case IV 10.—The death of one child at 
the age of 9 months of streptococcal infec- 
tion has been reported by the parents. Un- 
fortunately, further details are unobtainable, 
and the presence of any congenital cardio- 
vascular defect cannot be proven. 

Case III 1.—The father of the 10 chil- 
dren had a completely normal physical and 
ocular status, with no history of ocular dis- 
ease in his family. 

Case III 2-—The 41-year-old mother 
showed moderate characteristics of Mar- 
fan’s syndrome. She was tall and thin, with 
elongated phalanges, prominent ears, a thin 
narrow chest, and dull, apathetic facies. 
There was a basal systolic murmur, but 
chest x-ray showed a normal cardiovascular 
silhouette. Span-height measurement was 
62:65 in. She had been hospitalized in a 
mental institution in her 30’s for a “nervous 
breakdown” of an indeterminate nature. 
Ocular examination revealed a completely 
dislocated right lens resting in the inferior 
vitreous cavity, fluid vitreous, and Grade IT 
optic atrophy of the right disc, with areas 
of chorioretinal atrophy in the posterior 
pole. Vision in this eye, with an aphakic 
correction, was 10/200. The left lens was 
subluxated superiorly, leaving a vision of 
20/70 O. S. The vitreous was fluid, and 
the disc and retina appeared normal. 
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Case Ill 3.—A 35-year-old man _ had 
bilaterally subluxated lenses, with a vision 
of 20/20 O. U., with a high myopic cor- 
rection. Although of asthenic habitus, he 
did not appear to have skeletal or cardio- 
vascular anomalies. This patient’s wife re- 
ports no ocular abnormality or familial 
history. A one-year-old baby girl’s ocular 
status is unknown. 

Case III 4—A 30-year-old woman had 
excellent vision without correction and was 
of normal habitus. Her husband had no 
ocular complaints or familial history, and 
two children were similarly free of com- 
plaints. 

The source of most of the information 
about the second and first generations is I] 
7, a priest, who could describe these family 
members from direct knowledge. For ex- 
ample, he reports afflicted members as hav- 
ing “near-sightedness causing them to wear 
heavy glasses and caused by a displacement 
of the lenses of the eye.” 

Case II 1—A woman was reported to 
have no ocular complaints and to be of nor- 
mal habitus. 

Case II 2.—A man died at the age of 63, 
cause unknown. His family doctor reports 
that, while tall and thin, he did not appear 
to have typical Marfan’s deformities. He 
did, however, have “very poor eyes,” neces- 
sitating a strong correction, but retained his 
vision until death without marked deteriora- 
tion. 

There were 10 other siblings in this gen- 
eration, of whom 4 had ocular symptoms, 
which were in all probability due to ectopia 
lentis. All of these four persons are living. 

Case II 3.—A 65-year-old woman is mar- 
ried and is reported to wear “heavy glasses,” 
but no other information can be obtained 
except that, while her vision is poor, she is 
able to perform the usual duties of a farm 
wife. 

Case II 5.—A 62-year-old man reports 
that he has had poor vision since early 
childhood. At the age of 37, one lens spon- 
taneously dislocated into the anterior cham- 
ber. It subsequently fell into the vitreous, 
and the eye developed intractable glaucoma 
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and was subsequently enucleated. The lens 
of the fellow eye is also subluxated, but the 
patient reports reading vision with an 
aphakic correction. His family physician 
reports that the patient is tall and thin but 
does not appear to have a typical Marfan 
habitus. This patient had eight children, 
seven of whom had “poor eyes,” and many 
of them had lens extraction or “needlings” 
as adults. In addition, one child died sud- 
denly at the age of 32 of an “enlarged 
heart.” 

Case II 7.—A 58-year-old man has been 
observed for 25 years by his ophthalmolo- 
gist, who reports bilateral ectopia lentis with 
a vision of 6/12 O. D. and 6/10 O. S. The 
patient does not exhibit the other findings 
of Marfan’s syndrome, however. He is un- 
married. 

Case II 8.—A 56-year-old woman has 
had bilateral ectopia lentis since childhood, 
with a vision of 20/40 O. U., with an 
aphakic correction. The right lens com- 
pletely dislocated posteriorly nine years ago, 
but her ophthalmologist reports no seque- 
lae, and recently vision was 20/25 O. D. 

Of the above patient’s six children, four 
are reported to have ectopia lentis. These 
affected children vary from 31 to 21 years 
of age, and all four, except the youngest, 
wear aphakic corrections, having 20/100 
vision or better. The two oldest brothers 
have had surgery for this condition: one 
at the age of 21, when an equatorial dis- 
cission of the right eye was performed; the 
other at the age of 26, when the right lens 
dislocated into the anterior chamber and was 
removed. Vision of 20/50 and 20/20, re- 
spectively, resulted. 

No gross skeletal or cardiovascular ab- 
normalities are reported in this family. 

Cases II 4, 6, and 9-12.—The remaining 
six persons have normal vision and ocular 
status ; their progeny are all asymptomatic. 

Cases I 1 and 2.—The father was re- 
portedly of normal habitus, without ocular 
complaints. The mother had poor visual 
acuity and wore heavy lenses, but her chil- 
dren remember no other details. No specific 
information about other members of this 
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generation could be obtained, although many 
of them were said to have had “poor eye- 
sight” and glaucoma in later life. 


Comment 


The primary expression of Marfan’s 
syndrome in this family was in the field of 
ocular anomalies. Three children (IV 1, 
IV 4, and IV 6) showed mild skeletal altera- 
tions, with elongation of the extremities and 
an abnormal span-to-height ratio; IV 4 also 
had a_pigeon-breast deformity. Their 
mother (III 2) displayed the asthenic 
habitus, dull facies, thin trunk, and elongated 
phaianges considered typical of the syn- 
drome, but span-to-height ratio was not ab- 
normal. A son of a member of the second 
generation (II 5) died suddenly of a car- 
diovascular defect, which may well have 
been a dissecting aortic aneurysm, although 
no definitive information regarding this is 
available. While most of the other family 
members had a thin stature, their habitus 
would be considered normal were it not for 
their ocular anomalies or familial back- 
ground. The Table summarizes these find- 
ings; the first generation is not included in 
the tabulation, since data here are incom- 
plete. 

That the onset of skeletal abnormalities 
may be delayed and only appear with growth 
of the child, as first remarked by Lloyd,’ is 
shown by IV 4, who during an early hos- 
pital observation was considered of normal 
habitus and eight years later presented mod- 
erate but typical skeletal abnormalities. IV 
9 has very early lens subluxation but a 
normal habitus at the age of 15 months. It 


Persons in One Family Affected with 
Marfan’s Syndrome 


Persons, No. 

Cardio- 

Ocular Skeletal vascular 

Total Stigmata Stigmata Stigmata 
2d generation ll 5 0 0 
3d generation v7 13 1 1 
4th generation 13 6 3 0 
Total 41 24 4 1 
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will be interesting to observe skeletal 
changes as the children reach puberty. 

A few general remarks concerning the 
ocular anomalies encountered here may be 
made. As in the majority of reported cases, 
the direction of lens dislocation was above 
the horizontal in all patients examined. No 
colobomata were seen. Pupillary dilatation 
was within normal limits in all those exam- 
ined. In the fourth generation, six of nine 
children showed ocular stigmata of Marfan’s 
syndrome. Thirteen of the seventeen mem- 
bers of the third generation and five of the 
eleven members of the second generation 
probably had similar anomalies. 

Survey of these 10 members of the kin- 
ship who have reached maturity and whose 
ocular status is well substantiated shows 
that six persons have reached the age of 40 
or beyond with retention of useful vision, 
although two of these have had monocular 
complications. Two persons are over 21 
with useful vision, and two have had sur- 
gery before the age of 30. The nine young 
members of the fourth generation who have 
been under direct observation have shown 
no pronounced alteration in lens position 
for several years, although there was some 
absorption of zonular fibers in one instance. 
Long-term results after surgery in these 
persons have generally been poor,*'®™ and 
the ocular longevity shown in this kinship 
would further substantiate a conservative 
attitude toward surgery in these cases. 

Degenerative retinal changes and optic 
nerve atrophy are said to occur in older per- 
sons with Marfan’s stigmata*; the mother 
(III 2) has developed chorioretinal degen- 
eration and optic atrophy O. D. at the age 
of 41. This may be secondary to the com- 
plete lens dislocation, however. Fundus 
examination in the other subjects revealed 
no abnormalities. 

In this pedigree, the Marfan stigmata 
showed a dominant non-sex-linked mode of 
transmission. Penetrance of the gene was 
high, with expression heavily weighted to- 
ward ocular anomalies. The prepositi of the 
family (I 1 and 2) were reportedly heavy 
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persons about 5 ft. 11 in. in height, and all 
their children of the second generation were 
of similar pyknic habitus except II 5, who 
was 6 ft. tall and weighed 170 Ib. and who 
fathered a severely affected family. This 
pyknic habitus of the early generation may 
explain the apparent submergence of the 
gene’s skeletal expression; one would then 
expect an increasing skeletal expression in 
successive generations and, indeed, there is 
some indication of this in the skeletal stig- 
mata of III 2 and IV 1, 4, and 6. 


While most early reports dealt with ocular 
and skeletal defects, recent interest had 
centered on the cardiovascular manifesta- 
tions of the condition. After Baer, Taussig, 
and Oppenheimer '* called attention to the 
presence of cystic medionecrosis of the 
aorta in two autopsied cases of Marfan’s 
syndrome, numerous investigators con- 
firmed the presence of an extraordinarily 
high incidence of this type of alteration in 
the great vessels. A recent report of the 
occurrence of two deaths from ruptured 
aortic aneurysms in a family, which in 
retrospect was found to have a strong taint 
of Marfan’s stigmata,” illustrates this high 
incidence of cardiovascular defects. The 
pathological basis of such lesions appears to 
be a fundamental alteration in the ground 
substance and reduction in elastic tissue 
content of the great vessels *"*? ; the elucida- 
tion of such connective tissue changes may 
eventually define the fundamental nature of 
the disease. For the present, knowledge of 
the association of such aortic defects with 
the ocular signs of Marfan’s syndrome 
makes it possible for ophthalmologists to 
render a real service to a family whose 
members have these stigmata by recom- 
mending adequate cardiovascular examina- 
tion for such persons. 


Summary 


A kinship of four generations, compris- 
ing 41 persons, is presented. Twenty-four 
of these persons demonstrate ocular mani- 
festations of Marfan’s syndrome, four have 
skeletal stigmata, and one has a cardiovas- 
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cular defect. The youngest person to show 
ectopia lentis is 15 months of age ; the oldest 
is 65. 

Transmission of the defects was in a 
dominant non-sex-linked pattern, penetrance 
was high, and expression was mainly toward 
ocular anomalies. 

The majority of affected persons in this 
kinship preserved useful vision, without 
surgery, well into middle age. 

Recent studies of the cardiovascular le- 
sions associated with this syndrome have 
shown an alteration of the ground substance 
and elastic tissue content of the walls of the 
great vessels. Dissecting aortic aneurysms 
resulting from this “cystic medionecrosis” 
and other aortic anomalies have been shown 
to have a significantly high incidence in 
these patients. In the light of these recent 
developments, it would seem prudent to 
recommend careful cardiovascular evalua- 
tion to families with the ocular stigmata of 
Marfan’s syndrome. 


The following ophthalmologists permitted data 
on their patients to be included in this report: 


Drs. E. J. Zeiss, Appleton, Wis.; J. W. Doolittle, 
Madison, Wis.; E. G. Nadeau, Green Bay, Wis., 
and E. G. Schott, Sheboygan, Wis. 


1930 Wilshire Blvd. (57). 
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Detachment Surgery 


CONRAD BERENS, M.D., New York 


The disadvantage of most retinal detach- 
ment pins is that they have a tendency to 
become displaced prematurely. To overcome 
this difficulty, at least in part, new flatter 
rounded pins and special forceps * have 
been devised which minimize premature dis- 
placement of the pins. It has been pointed 
out by Pischel? that the perforating pin is 
theoretically the ideal electrode. In 1934 
Safar? called attention to the greater safety 
of operations when pins were used. 


Description of the Pins and Forceps 


The round-headed stainless steel pins 
(Figure, 4) which are available in O.5 mm., 
1.5 mm., and 2.5 mm. lengths, have slightly 
curved upper and lower surfaces which 
permit the pins to be placed snugly against 
the sclera. The curve of the posterior sur- 
face of the pin lessens the area of surface 
diathermy, which minimizes necrosis of the 
sclera and the healing process. As it is 
usually desirable to combine pin perforation 
with diathermy, this should be applied with 
a small (not over 1 mm.) ball electrode. For 
dry sterilization and handling of the pins, 
a small stainless steel block with three rows, 
one to hold each size of the pins, is pro- 
vided (Figure, B). Each row is fitted with 
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Aided by a grant from The Ophthalmological 
Foundation, Inc. 

From the Department of Research, New York 
Association for the Blind, and the Department 
of Ophthalmology, New York University Post- 
Graduate School of Medicine. 

* Made by Storz Surgical Instrument Co., St. 
Louis, Mo. 
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Clinical Notes, New Instruments and Techniques 


Special Pins and Forceps for Retinal 


A, flattened round-headed stainless steel pins, 
0.5, 1.5, and 2.5 mm. in length. B, stainless steel 
block to hold each size of the pins. C, special in- 
sulated forceps. 


a spring clip to keep the pins from falling 
from the rack during handling. 

The over-all length of the forceps is 14 
cm., and the blades are slightly curved. The 
insulated tips have small slots which cor- 
respond to the form of the head portion of 
the pins. One handle of the forceps is 
equipped with a tubular connector for the 
insertion of the lead from the electrosurgical 
unit. The lower surfaces of the blades have 
a depression which is not insulated and fits 
the top of the pins, where pressure may be 
applied to insure their complete insertion 
(Figure, C). 


Indications for Use of Pins 


Indications for use of the pins are as fol- 
lows: (@) to obtain visible coagulation and 
orientation of the sites of retinal tears; (b) 
to seal off single or multiple retinal tears 
(if a large area is to be isolated, which 
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begins at the ora serrata and curves to the 
ora serrata in another area, the curved mar- 
gin of the affected area is first rimmed by 
the pins, placed close to each other; this is 
followed by the insertion of pins within this 
isolated area) ; (c) to obtain filtration over a 
large area in separation of the retina without 
visible tears. 


Use of the Pins 


After surface diathermy on the exposed 
sclera over the involved area, the size of pin 
required is removed from the block with the 
forceps. The diathermy current (30 to 40 
ma.) or galvanic current (0.5 to 5 ma. of 
negative pole) is turned on, and by gentle 
pressure the pin is inserted and embedded 
into the sclera. After the region of the 
tear is adequately treated with the pins, they 
are removed with the forceps. The subretinal 
Huid escapes slowly, and outflow may be 
encouraged by massaging the globe or by 
suction with a medicine dropper. 


Advantages of Multiple Punctures 


The advantages of multiple punctures are 
the following. 


1. More complete drainage of subretinal 
fluid over a broader area may be obtained. 


2. Multiple fine punctures lessen the 
danger of displacing the retina and its ad- 
hesion in another situation, which might 
cause traction folds and subsequent tears, 
which often occur when only one or two 
large punctures are made. Displacement of 
the retina is often seen with the cautery 
puncture operation unless the burned area 
is exactly centered in the tear. 

3. Multiple small drainage points scattered 
over a broad area permit the retina to un- 
fold gradually and settle more evenly 
against the choroid than is possible with one 
or two large perforations of the sclera. 

708 Park Ave. 
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A Binocular Indirect Ophthalmoscope 
with Upright Fundus Image 


DAVID D. DONALDSON, M.D., Boston 


One of the greatest obstacles in learning 
indirect ophthalmoscopy is the inverted 
image. Not only must one think in terms 
of the inverted fundus image but also one 
must learn to move opposite to the direction 
which seems natural and which has been 
learned in direct ophthalmoscopy. It, there- 
fore, seemed logical to design an instrument 
which would produce an upright image 
whereby movements would be the same as 

Submitted for publication Nov. 18, 1957. 

Howe Laboratory of Ophthalmology, Harvard 
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Donaldson 


those used in direct ophthalmoscopy. With 
this aim in mind, the present piece of equip- 
ment was designed. It does not appear that 
such an instrument has been described here- 
tofore. 


Equipment 


The optical portions consist of a pair of 
penta roof prisms (4 and B) whose optical 
axes are mounted at right angles to each 
other. These prisms are mounted at a dis- 
tance apart corresponding to the average 
interpupillary distance. On one face of each 
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Figure 1 


Fig. 1—Upright image binocular indirect oph- 
thalmoscope shown in place on the head. A and B, 
penta roof prisms; C and D, first surface mirrors 
for reflecting aerial image of fundus; E, first sur- 


of these prisms is cemented a +3.50 D. 
sphere in combination with a 3 D. base-out 
prism. These prisms in turn face into two 
round first surface mirrors (C and D) 
mounted side by side. They are arranged so 
as to reflect the image into the opposite 
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Figure 2 


face mirror for reflecting light from illuminator 
above. 


Fig. 2.—Oblique view of instrument. See Figure 
1 legend for meaning of letters. See Figure 3 
for light pathways through the optical parts of 
the viewing system. 


prism ; i. e., the mirror (C) on the right side 
faces and thus reflects light into the penta 
roof prism (B) in front of the left eye and 
vice versa (Fig. 3). 

The fundus is illuminated by a conven- 
tional 6 volt incandescent light source with 


Fig. 3.—Oblique view 
of instrument, showing 
light rays of viewing 
system. The illumination 
system is not shown, nor 
is the double reflection on 
the roof surface of the 


Gite penta prism shown. See 
Figure 1 legend for 
INVERTED meaning of letters. The 
AERIAL IMAGE inverted aerial image of 

OF FUNOUS 


the fundus is produced by 
the ordinary indirect 
ophthalmoscopic lens held 
at the anterior focal plane 
of the eye. (Note: Prism 
A on the right side re- 
ceives light rays from 
mirror D on the left side, 
while prism receives 
rays from mirror C; i.e., 
the light rays are crossed 
to avoid a pseudostereo- 
scopic effect.) 
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BINOCULAR INDIRECT OPHTHALMOSCOPE 


Fig. 4—Side view of instrument, showing at- 
tachment to headband. 


a condensing lens. The light from this 
source is projected onto a first surface mir- 
ror (E) which is placed at 45 degrees just 
below the pair of mirrors (C and D) through 
which the image is observed. The unit is 
mounted on a head band through a swivel 
which allows adjustment as to the distance 
of the prisms from the eyes. 


Comment 


The instrument described above was 
found to accomplish the aims which it was 
desired to achieve. The roof on the penta 
roof prism erects the image, while the 
double reflection of the penta prism avoids 
reversion. By crossing the light rays from 
left to right and right to left, correct stereo- 
scopic effect is produced, as opposed to the 
pseudostereoscopic effect which would 
otherwise result. Furthermore, the spherical 
lens and wedge prism added to the penta 
roof prism gives the proper power and con- 
vergence for observation of the image at the 
optimum distance. The exit faces of the 
penta roof prisms are sufficiently large to 
allow persons with various interpupillary 
distances to use the instrument. 


Donaldson 


In actual use, | found some difficulty at 
first in adjusting myself to a movement op- 
posite that of the standard indirect ophthal- 
moscope to which I had been accustomed. 
However, the correct orientation of the 
image was immediately appreciated and ap- 
peared to be a definite advantage over 
ordinary indirect ophthalmoscopy. Several 
other persons who had never used an in- 
direct ophthalmoscope appeared to be able 
to utilize the present instrument with com- 
parative ease, while persons who were using 
daily the ordinary indirect ophthalmoscope 
found it almost impossible to use. One dis- 
advantage which was apparent is the in- 
version of the patient’s face and _ the 
observer's hand. This does not seem to cause 
much difficulty if the instrument is used in 
a dark room and the attention is primarily 
on the fundus image. However, if the ob- 
server notices that the light is not centered 
on the lens, for example, he then tends to 
move the wrong direction in attempting to 
center it. Another disadvantage is the ex- 
pense of producing the penta roof prisms, 
which had to be made especially for this 
instrument. 


Conclusion 


Owing to the various disadvantages of the 
inverted image as seen with the ordinary 
binocular ophthalmoscope, the present bin- 
ocular ophthalmoscope was designed to pro- 
duce an upright image similar to that seen 
with the direct ophthalmoscope. Apparently 
it is easier to learn to use this instrument 
than the inverted type, and the correct orien- 
tation of the fundus image is a distinct 
advantage. However, the disadvantages of 
cost of optical parts and necessary inversion 
of the patient’s face and the observer’s 
hands probably outweigh the more obvious 
advantages. Thus, it would appear the com- 
mercial production of this instrument is not 
warranted. 


243 Charles St. (14). 
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WENDELL L. HUGHES, M.D., D.Sc., Hempstead, N. Y. 


Scleral shortening has long been done by 
excising and discarding a biconvex or a 
crescentic section of the outer portion of 
the sclera over a more or less greater part 
of the circumference. 

The following method preserves and uses 
the outer portion of the sclera rather than 
discarding it and thereby produces a more 
secure shortening according to fundamental 
surgical techniques. It is well known that 
the halving technique of uniting tissue 
edges, as popularized by Wheeler, provides 
a better method of union than edge-to-edge 
approximation, because of the increased 
area of the raw surfaces which must grow 
together. 

The following technique utilizes the 
above-mentioned principles: The usual con- 
junctival incision is made well back from 
the limbus in the desired area, and the 
sclera is cleaned. The usual care in relation 
to the emissary veins is exercised, and an 
incision perpendicular to the surface of the 
sclera is made through the superficial one- 
half of its thickness along whatever extent 
is necessary. The recti muscles may be re- 
moved (Fig. 1) or merely pushed or held 
aside for this dissection, and the obliques 
may usually be left attached. The scleral 
splitting is carried out posteriorly to this 
incision without interfering with the oblique 
muscle insertions. The sclera is split, pos- 
terior to this incision, for a distance of 3 
to 5 mm. (Fig. 1), depending on the de- 
sired amount of shortening. The inner 
layer is very thin and flexible, and the plan- 
ning of the incision should be such that 
the inner fold of sclera produced will be 
posterior to any major retinal holes, if pos- 
sible. Since there is only one incision per- 
pendicular to the sclera and since the 
intrascleral splitting dissection is in the 
plane of the sclera, it can naturally be car- 
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Overlapping Technique to Produce a Scleral Fold 


~MUSCLE STUMP 
\-— -SCLERA 
--CHOROID 
DETACHED RETINA 


l.—Above, scheme of dissection of the 


Fi 
shana flap; the extent and depth may be varied. 
Below, the double-arm suture is shown passing 
through the base of the flap from without in, then 
passing forward to enter the cut edge of sclera 
anteriorly and emerge several millimeters forward. 


ried further back under better visual control 
than if there were two crescentic incisions 
as in the usual resection of the sclera. 
Diathermy punctures can be made along 
the depth of the dissected pocket or any- 
where desired, and subretinal fluid can be 
let out. When this is done, sutures are 
placed in mattress fashion (Fig. 1, below) 
to approximate the base of the flap to the 
anterior edge of the original incision. If 
the maximum infolding of the inner layer 
of the sclera is desired, some substance 
can be placed to maintain a larger inward 
protrusion or buckle of the sclera. Various 
substances have been used for this, such 
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OVERLAPPING 


Fig. 2—The sutures continue through the an- 
terior edge of the flap and when tied hold the 
flap securely in place, producing a fold in the inner 
layer (here maintained by polyethylene tubing). 


as polyethylene tube (Fig. 2) or fascia 
lata. Double-armed 0000 nonabsorbable 
surgical (silk) or chromic absorbable sur- 
gical (gut) sutures are used. They pass 
through the base of the superficial scleral 
flap, come forward to enter the anterior 
cut edge of the original incision, and then 
pass intrasclerally forward for about 3 mm. 
Several sutures are passed along the extent 
of the dissected flap. The first double turn 
of a surgeon’s knot is then tied in each 
one, pulling the base of the flap forward 
and producing a fold of the inner scleral 
layer. When several of these sutures are 
tied, the two needles of each suture are 


passed back through the anterior margin 
of the superficial flap of sclera (formed by 
the original splitting of the sclera) (Figs. 
1, below, and 2), to hold this flap down 
and produce flat-surface-to-flat-surface 
approximation and a solid overlapping re- 


enforcement. This gives good assurance 
that the fold of the inner layer of sclera, 
thus produced, will be permamently main- 
tained better than if only the usual edge- 


Hughes 


to-edge approximation were used. The 
height of the internal scleral folding can 
be controlled by varying the depth of the 
dissection when splitting the sclera and by 
choosing whether or not any additional 
material is used to maintain the infolded 
sclera. By increasing the amount of this 
material the size of the inward protrusion 
of sclera may be increased. The extent of 
the dissection may be partial or totally 
circumferential, and the location may be 
anterior or posterior, behind the equator. 


Comment 


The method described here has been used 
many times in retinal detachment opera- 
tions. It lessens some of the difficulties 
and complications of the usual methods. 
There is one incision perpendicular to the 
surface of the sclera at the anterior limit 
of the dissection, where it can be readily 
seen and controlled. The further dissec- 
tion is made parallel to the plane of the 
sclera and, in the more posterior locations 
sometimes necessary, can be carried out 
under direct visibility down into the scleral 
pocket. It is very flexible as to location, 
depth, and extent. It can be used with or 
without some material in it to maintain 


Fig. 3.—Final closure, with base of flap held up 
to the anterior edge of the scleral cut and reen- 
forced by the overlapping flap. 
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the fold (which latter can be throughout 
part or all of the length of the dissection). 
There will be less tendency to lose the 
effect of the scleral shortening because of 
the line of incision giving way under the 
stress of intraocular pressure than when 
simple edge-to-edge approximation is used. 
The maintenance of the condition produced 
at the operation is obviously more certain, 
because a double row of mattress sutures 
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(Fig. 3) holds the overlapping flap down 
over a large area. 


Summary 
An improved simple method of assuring 
the maintenance of scleral shortening and 
infolding of the inner sclera layer, by 
means of an overlapping layer of sclera, is 
reported. 


Professional Building, 131 Fulton Ave. 


A Simple Device to Determine the Angle of Corneal 
Astigmatism 


1. BRENNER, M.D., Jerusalem 


Surgeons having no ophthalmometer at 
their disposal and using only skiascopic 
frames for refraction often encounter diffi- 
culties in determining the angle of corneal 
astigmatism. 

The same is true in cases of home visits 
to bedridden patients, where a bulky ap- 
paratus can not be taken. In cases like this 
the surgeon has to rely on the reply of the 
patient, which, being a subjective and un- 
reliable manner of examination, is frequently 
the cause of errors in prescribing glasses. 

A simple instrument may help the surgeon, 
in such a case, to find the angle of the 


Submitted for publication Jan. 13, 1958. 


corneal astigmatism rather accurately. It 
consists of a slit about 2 to 3 mm. in width, 
mounted on the usual graded trial frame 
and having a pointer on one side. The slit 
has to be turned slowly by the examiner. 

While throwing light into the pupil of the 
patient by a plain mirror or a retinoscope, 
as usual in skiascopic examination, one will 
notice that the pupil is illuminated now only 
in the small square of the slit. In letting the 
light travel from one side to the other, in 
the usual manner, and at the same time 
turning the slit slowly, one will find that, 
in most angles into which the slit is turned, 
the shadow, which passes over the slit, does 


Movement of 
mirror 


Case of oblique angle of corneal astigmatism. 
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not cover the whole length of the slit but 
only part of it, the other part being illu- 
minated. In other words, light and shadow 
travel over the slit at the same time, one on 
top of the other in an oblique or irregular 
manner. 

That is the case until the slit is turned 
so far that the longitudinal axis of the slit 


and the angle of astigmatism are identical; 
when that point is reached, the slit is fully 
illuminated or filled completely by the 
shadow. Now the pointer points to the 


angle on the graded scale, and the angle 
can immediately be read (Figure). 


5 Shatz Str. 
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Annual Reviews 


The Orbit 


A Review of the Literature for 1957 


ALBERT N. LEMOINE Jr., M.D., Kansas City, Mo. 


There have been many interesting case 
reports and several reviews of the orbit 
and orbital disease since the last annual 
review.’ At the end of this year’s review 
there is a list of additional references 7" 
that were not available to me. It is hoped 
that this will provide a more complete 
reference list for anyone interested in the 
literature concerning the orbit. 


Anatomy 


The importance of the anatomy of the 
orbit and its significance in strabismus has 
interested investigators for many years. 
Zaki and Keeny? published an interesting 
article on the x-ray findings in a series 
of 68 orthophoric patients and 66 patients 
with nonaccommodative and nonparalytic 
horizontal strabismus. The technique was 
the use of submentovertex roentgenograms 
to demonstrate the relationship of the bony 
orbital walls in horizontal section. The 
orbital walls were equal in 55% of the 
orthophoric patients, with only slight ir- 
regularities in the remainder. Significant 
differences in the orbits were demonstrated 
in 25% of the patients with monocular 
esotropia and 33% of the patients with 
monocular exotropia. In alternating eso- 
tropia or exotropia there were no signifi- 
cant differences in the orbital walls. The 
authors advised orbital x-rays as a part of 
the routine evaluation of patients with non- 
accommodative and nonparalytic horizontal 
strabismus. Where structural irregularities 
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exist, monocular corrective surgery should 
be done early. 


Diagnostic Methods and Instrumentation 


Drews *® presented an excellent article on 
the history of exophthalmometry and the 
various instruments used. The article is 
a critical review of the problem of exoph- 
thalmometry and the need of careful meas- 
urements and interpretation of results. A 
simple new instrument to measure exoph- 
thalmos is described in the article. Galvez * 
described a new technique for the x-ray 
determination of exophthalmos measure- 
ments in laboratory animals. Investigators 
of experimental exophthalmos in laboratory 
animals will find this article very useful. 

Cowie ® presented a good complete review 
of the use of opaque media in the diagnosis 
of orbital tumors. This was a part of a 
panel discussion of orbital tumors. Yasar- 
gil® reported the findings on x-ray exam- 
ination of unilateral exophthalmos and 
stressed the importance of this type of 
study as part of the complete evaluation of 
the patient with unilateral exophthalmos. 
The article is short and very general, with 
no new data. As a part of the comple‘e 
evaluation of patients with unilateral ex- 
ophthalmos Choyce® urges the more fre- 
quent use of surgical biopsy to establish 
the etiological diagnosis. I am certain that 
all are in agreement that a biopsy is desir- 
able, but in many cases it is difficult to 
locate a mass for biopsy. 

The problem of localization of intraocu- 
lar or intraorbital foreign bodies continues 
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to result in new techniques for x-ray dem- 
onstration of foreign-body positions. The 
use of the German locator has reduced the 
need for accurate x-ray localization. Lieb 
and Wiesinger* describe a new method for 
x-ray localization of foreign bodies. This 
method uses posteroanterior and lateral 
skull films, with the use of a compass held 
against the limbus at the 6 and 12 o'clock 
positions. With the tips of the compass 
used as reference points, the foreign body 
is located by triangulation. This procedure 
assumes an average globe size, as do all 
other x-ray techniques, and this is probably 
one of the main sources of error. The sec- 
ond problem in the use of x-ray localiza- 
tion is accurate fixation, which may be 
difficult in the patient with an injured eye. 

Bagolini '* presented an interesting case 
of orbital fracture with spinal fluid leakage 
into the upper lid following trauma. The 
patient was a 9-month-old infant with evi- 
dence of slight intracranial hypertension 
and a lid hematoma after blunt trauma. 
Ten days after resolution of the hematoma 
there was still chemosis of the upper lid 
and x-rays revealed a linear fracture. Sur- 
gical exploration confirmed the x-ray diag- 
nosis, and correction of the meninges 
rupture resulted in disappearance of the 
lid edema. 

A very good general review of the prob- 
lem of diagnosis and treatment of exoph- 
thalmos was presented by Lyle.”” Although 
the article does not contain new informa- 
tion, it is well organized and contains a 
great deal of useful information in a rather 
short article. 

Diagnosis and treatment of orbital frac- 
tures was reviewed in considerable detail 
separate articles. Smith and 
Regan reported a case of “blow out” 
fracture of the orbit, with interesting ex- 
perimental evidence of the mechanism be- 
hind this type of fracture. According to 
their cadaver studies, if the foreign-body 
diameter is smaller than the orbital rim 
the result is rupture of the globe and no 
orbital fracture (golf-ball injury), whereas 
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if the foreign-body diameter is larger than 
the orbital opening (large ball) the blow 
is on the orbital rim and may produce a 
fracture of the orbital floor. The authors 
were able to produce these changes in stud- 
ies on cadaver material that appear to make 
the conclusions valid. They conclude that 
this type of fracture (“blow out”) is prob- 
ably commoner than is generally realized. 
They also stress the importance of early 
diagnosis and surgical treatment by cover- 
ing the bony defect on the floor. Additional 
articles by Converse and Smith * and Smith 
and Converse '* consider this same problem 
and apparently are all based on the same 
studies, merely being presented in different 
form in different journals. Another ex- 
cellent article by McCoy ™ gives de‘ailed 
management of orbital and facial fractures. 
This is one of the best articles available 
on the management of these injuries. The 
author correctly emphasizes the importance 
of the early treatment of these injuries 
before secondary scar tissue produces a 
hopeless problem. 

Jain et al.’° report on the successful sur- 
gical treatment of osteomyelitis by use of 
Naffziger’s orbital decompression. The eye 
was saved, and apparently the basic disease 
process was controlled. Cross reviewed 
the various surgical procedures used in the 
management of orbital tumors. This was 
part of a panel on the management of ex- 
ophthalmos and to me was interesting be- 
cause of a good review of the basic 
principles of the various surgical proce- 
dures. Lederman,’ as a member of the 
above panel on the treatment of exoph- 
thalmos, presents a good review of the use 
of radiation in the management of exoph- 
thalmos. These two articles should be read 
by anyone confronted with the management 
of a severe case of exophthalmos. 

The problem of failure of skin and 
mucous membrane grafts to the lids and 
orbit was reviewed in considerable detail 
by Singer.’* The importance of the choice 
of donor site, nature and preparation of 
the recipient bed, and pressure dressings 
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is considered in detail. Mustarde 
viewed the problem of reconstruction of 
the grossly contracted socket. This is a 
very honest appraisal of this problem, and 
the author correctly indicates that the final 
results are frequently disappointing to both 
the patient and the surgeon. It was my 
impression that Mustarde was of the opin- 
ion that in many patients it was unfortu- 
nate that any surgery had been attempted 
because the final result was worse than the 
original condition. One does not like to 
be a therapeutic nihilist, but when the basic 
distortion of tissue and damage is consid- 
ered in the grossly distorted socket it is 
not surprising that the final result is so 
frequently disappointing. The article by 
Dowd *° considers the plastic surgical treat- 
ment of the eyelids and orbit. This is a 
general article and does not present details 
of the individual procedures. 

Berens et al.*! published a very good 
article on the use of evisceration. The re- 
port concerns 168 of their patients (100 
original Rosa intrascleral implants and 52 
modified Rosa-Berens hollow plastic intra- 
scleral implants with steel mesh caps). In 
a review of the literature of 558 cases no 
known case of sympathetic ophthalmia was 
found. The conclusion of the authors was 
that the final cosmetic result following 
evisceration was superior to that following 
any other procedure and that the danger of 
sympathetic ophthalmia is remote. 


Congenital and Developmental 
Anomalies 

Tayebi and Silverman ** reported on two 
children with congenital defects of the bony 
orbit and pulsating exophthalmos. The ar- 
ticle is a good review of neurofibroma of 
the orbit and the important points in differ- 
ential diagnosis. One of the children re- 
ported had exophthalmos and asymmetry 
of the skull with surgical exploration at 
the ages of 1, 7, and 10 years before the 
diagnosis of neurofibroma was established. 

Apt * reviewed the literature on man- 
dibulofacial dysostosis (Treacher Collins 
syndrome) and found 121 reported cases 
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(16 from the United States literature). 
His conclusion was that this condition is 
commoner than the literature would indi- 
cate. The clinical manifestations are as 
follows: palpebral fissures sloping down- 
ward laterally, coloboma in outer portion 
of lower eyelids, deficiency of cilia in the 
medial half of the lower eyelids, and occa- 
sionally absence of puncta with abnormali- 
ties of the nasolacrimal duct. 

Blodi ** prepared an excellent review of 
pathology and clinical findings in develop- 
mental anomalies of the skull affecting the 
eye. He divided them into the following 
types: (1) craniostosis, (2) craniofacial 
dysostosis, (3) mandibulofacial dysostosis, 
(4) hypertelorism, and (5) rare anomalies. 
This article contains a good description of 
the clinical findings, with photographs dem- 
onstrating the outstanding features. 

The pedigree of a family with anoph- 
thalmos was reported by Joseph.*® In the 
reported pedigree there were three affected 
children, all boys. 

A case of digito-ocular phenomenon of 
Franceschetti was reported by Carreras and 
Galvez.*!_ This syndrome, characterized by 
bone changes of the fingers and orbit, was 
first described by Franceschetti in 1937. 


Inflammation 


Since the advent of antibiotics and ster- 
oids there appears to have been an absolute 
increase in the incidence of fungus infec- 
tions involving all tissues. Viers and 
Davis ** reported two cases of fungus in- 
fection of the orbit. The first patient was 
a 47-year-old woman with proptosis, limi- 
tation of motion, and conjunctival conges- 
tion. Surgical exploration revealed a 
subperiosteal mass of Aspergillus. There 
was marked improvement with penicillin 
and sulfadiazine therapy. The second pa- 
tient was a 28-year-old woman with inter- 
mittent swelling of the orbit and a draining 
mass above the eyelid. Surgical incision of 
the mass revealed Actinomyces organisms. 
Cure resulted from treatment with potas- 
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sium iodide, sulfonamide, and 
cycline (Terramycin). 

An interesting case of orbital cellulitis 
with exudative retinal detachment was re- 
ported by Malhotra.** The child had head- 
aches, pain in the eye, and 10 mm. of 
exophthalmos. Fundus examination revealed 
dilated veins with an exudative retinal de- 
tachment above. Recovery followed inten- 
sive medical treatment. The mechanism of 
the retinal separation is believed to be the 
result of passive edema due to venous ob- 
struction in the orbit. 

Luntz ** reported a patient with a hy- 
datid cyst of the orbit. The presenting 
complaint was unilateral exophthalmos with 
negative x-ray findings until the mass was 
outlined by a 15 cc. retrobulbar air injec- 
tion, 


oxytetra- 


Straatsma ?® wrote an excellent review 
of the literature of Wegener’s granuloma- 
tosis. This condition is characterized by 
necrotizing lesions in the respiratory tract, 
diffuse arteritis, and focal glomerulone- 
phritis. Autopsy reports of 44 cases were 
studied. All the established cases in the 
literature have proved fatal. The age of 
onset has been between 12 and 70 years. 
Approximately one-half of the cases have 
some ocular involvement. 


Paranasal Sinuses and Bone 


A case of unilateral exophthalmos in a 
53-year-old woman with sclerosis of the 
sphenoid bone was reported by Cory.*° 
There had been a progressive exophthalmos 
of two years’ duration without visual loss. 
X-rays of the skull revealed uniform sclero- 
sis of bone in the right frontal and orbital 
region. The entire lesser and greater wing 
of the sphenoid and lateral wall of the orbit 
and zygoma were sclerosed. There was no 
surgery or treatment instituted. 

MacCarty et al.*! reported a case of 
blindness secondary to a cyst of the sphe- 
noid sinus. The patient was a 60-year-old 
nurse with a complaint of failing vision of 
five weeks’ duration, dull headaches, pain 
around the orbit, and a swollen eye. The 
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vision in the second eye began to fail short- 
ly after the first eye was involved. Surgi- 
cal exploration revealed that the sphenoid 
bone was eroded, with pressure on the 
chiasm below. A benign cyst of the sphe- 
noid was removed. 

Damato and Damato ** reported a case 
of progressive exophthalmos in a 13-year- 
old girl with normal motility and no diplo- 
pia. X-rays revealed a solid mass in the 
ethmoid region. Surgical excision of an 
osteoma 252015 mm. in size resulted in 
complete recovery. 

There was a fairly good review of the 
literature of cholestoma of the orbit by 
Francoise et al.4* The review demonstrated 
the variable clinical manifestations of 
cholestoma of the orbit, with exophthalmos 
being the commonest complaint. 


Vascular Conditions 


Two cases of cavernous sinus thrombo- 
phlebitis, one with a fatal termination, were 
reported by Taylor.** The first patient was 
a 24-year-old woman with redness and 


swelling of the right eye and a sty of the 


lower lid at the inner canthus. Within four 
days there was bilateral proptosis, chemosis, 
coma and marked meningism. Intensive 
treatment with penicillin, broad-spectrum 
antibiotics, and anticoagulants resulted in 
recovery. The second patient was a 2-week- 
old infant who, with the same treatment, 
died. 

Zimmerman and Rogers * reported an 
interesting case of a 69-year-old white 
woman with severe ocular pain and marked 
proptosis who was found to have extensive 
thrombophlebitis of the orbit. The etiology 
of the thrombophlebitis was not determined. 


Two patients with carotid cavernous 
fistula were reported by Sheets.** The first 
patient was a 37-year-old white woman 
who complained of a severe headache after 
recovery from a hysterectomy. Within one 
week there was reduced vision, edema of 
the lids and conjunctiva, and proptosis. The 
second patient was a 47-year-old diabetic 
Negro woman who suddenly developed pain 
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in the right eye and proptosis two weeks 
after a myocardial infarction. 

Campbell ** reported an interesting case 
of a 20-year-old woman with an intermit- 
tent proptosis of 18 months’ duration. The 
proptosis appeared when the patient would 
bend forward or lie on the left side. There 
was no bruit, and the cause was never 
demonstrated. 


Manifestations of General Disease 


Manchester and Giddings ** reported the 
finding of leukemic retinopathy and unilat- 
eral exophthalmos in a patient with myelo- 
cytic leukemia. The exophthalmos improved 
rapidly with x-ray treatment. 

O’Rourke and O’Connor ** presented the 
case of a 15-month-old boy with acute 
lymphatic leukemia who had an acute onset 
of palpebral swelling and conjunctival 
chemosis without discharge. The child was 
given antimetabolites and cortisone orally, 
with recovery from the ocular symptoms 
within 14 days. The child lived three 
months, but the ocular symptoms were 
controlled with the above therapy. 

The Fuller-Albright syndrome in an 8- 
year-old boy was reported by Alfano.*” 
This syndrome is characterized by dissemi- 
nated osteitis fibrosa affecting the long 
bones, pelvis, and skull, with pigmentation 
of the skin and sexual precocity (especially 
in the female). The ocular findings are dis- 
placement of the globe and either hyper- or 
hypo-osteosis of the bones of the orbit. The 
differential diagnosis is between this con- 
dition and (1) von Recklinghausen’s dis- 
ease, (2) Hand-Schiiller-Christian disease, 
(3) Paget’s disease, and (4) hyperthyroid- 
ism. 


Exophthalmos of Thyroid Disease 


An excellent review of the modern ideas 
concerning the nature of endocrine exoph- 
thalmos was presented by Wybar.*? The 
nature of thyrotrophic exophthalmos is as 
follows: (1) increase in water content, (2) 
increase in mucin content, (3) increase in 
fibrosis, and (4) increase in lymphocytes. 
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Treatment with corticotropin (ACTH) and 
cortisone is indicated at the time of the 
early changes but not in the late stages, 
after fibrosis and lymphocyies infiltration. 

Adams and Purves ** reviewed the role 
of thyrotropin in hyperthyroidism and ex- 
ophthalmos. The conclusions were as fol- 
lows: 1. The normal TSH which is secreted 
by the human pituitary in response to low 
thyroid hormone levels and is suppressed 
by high hormone levels does not show a 
tendency to produce exophthalmos. 2. By 
sensitive assay methods a form of TSH 
can be demonstrated in the blood of pa- 
tients suffering from hyperthyroidism or 
exophthalmos or a combination of the two. 
This TSH differs from normal in not being 
suppressed by excess thyroid hormone 
levels. This substance may be an abnormal 
form of TSH which is responsible both for 
exophthalmos and hyperthyroidism, or it 
may be a manifestation of an abnormality 
of pituitary secretion which involves more 
than one factor. 

The experimental production of exoph- 
thalmos in Fundulus heteroclitus was 
reported by Langford.** Fundulus hetero- 
clitus is a minnow, and exophthalmos was 
produced with triiodothyronine and desic- 
cated thyroid but not with a pituitary prep- 
aration. 

The pathological findings in three cases 
of thyroid exophthalmos were reported by 
Wegelius et al.*° The authors stated that 
there were numerous fibroblasts in the con- 
nective tissue and well-granulated mast 
cells. The ground substance was highly 
metachromatic. There were lymphocytes 
around blood vessels and occasional macro- 
phages. In the fat tissue, groups of fat 
cells were separated by broad bands of 
connective tissue septa. 
vealed 


masses. 


The muscles re- 
intrasarcolemmic metachromatic 

McCullagh et al.** reported the results of 
treatment in 39 patients. Twenty patients 
were treated with large doses of triiodo- 
thyroxine, with nine remaining unchanged ; 
in nine there was a reduction of the exoph- 
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thalmos of 2 mm. or more, and two became 
worse. Two patients were treated with 
corticotropin and hydrocortisone, and all 
improved. Nine patients had pituitary sur- 
gery, with improvement in all cases but 
with two deaths. 

A case report of a 33-year-old woman 
with rapid exophthalmos, lid edema, and 
papilledema was recorded by Wright.” 
The patient died after three months with 
acute myocarditis. At autopsy the orbital 
changes were typical of malignant exoph- 
thalmos with areas of myocardial degenera- 
tion. The author believed that both the 
orbital and the cardiac changes had a com- 
mon etiology. 

The most unusual case report of a clin- 
ical course for thyroid exophthalmos was 
by Jackson.** This patient was first seen 
in 1925 with severe exophthalmos and thy- 
rotoxicosis, for which he had a thyroidec- 
tomy. There was a complete remission until 
1941, at which time the symptoms returned, 
and they regressed after a second thyroid- 
ectomy. In 1951, after a virus infection, 
there was a recurrence of hyperthyroidism 
but regression with medical treatment. In 
1955 after an auto accident the basal meta- 
bolic rate increased, adenomatous nodules 
appeared, and there was progressive exoph- 
thalmos. Without treatment the patient be- 
came hypothyroid, and he markedly 
improved when given thyroid therapy. This 
one patient is an example of the wide span 
of thyroid disturbance that produces ex- 
ophthalmos. 

An excellent review of the surgical man- 
agement of exophthalmos and levator spasm 
was presented by Moran.*® The report con- 
cerns surgical decompression by removal of 
the lateral wall of the orbit in 55 orbits 
(bilateral operation in 20 patients and uni- 
lateral, in 13 patients). The average re- 
duction of exophthalmos was between 5 
and 6 mm. There was greater reduction in 
exophthalmos and more rapid reduction of 
edema when levator spasm was absent. In 
12 patients the levator was operated on at 
the time of the orbital decompression. The 
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article contains an excellent description of 
the surgical procedures. 

Rundle © presented a good review of the 
management of exophthalmos and _ related 
ocular changes in Graves’ disease. The 
authors conclusions were as follows: 1. 
Serial measurements made on eyeballs and 
lids can be used to follow the pathological 
process. 2. The pathological changes are 
self-limited and to a variable extent spon- 
taneously recoverable. Irradiation of the 
pituitary and hypothalmos regions and cor- 
ticotropin and cortisone therapy are still 
experimental. 3. Local palliative therapy 
should be used. 4. The use of cosmetic 
spectacles gives mental relief from the 
ophthalmopathy. 5. Severe cases require 
tarsorrhaphy and orbital decompression. 6. 
Muscle surgery should be used in the static 
stage. 

Articles by Walsh and Ogura,®* Biber,®* 
and Boyden* describe nasal procedures 
for orbital decompression for malignant 
exophthalmos. These procedures appear to 
give satisfactory results and, according to 
the authors, have a lower surgical risk and 
better final cosmetic result. 

Knauer ™* reported on the surgical de- 
compression of the orbit in five patients 
with use of the lateral orbital approach. 
The author recommends early surgery be- 
cause some of the muscle damage is due to 
orbital pressure. This may be true, but he 
does not present evidence to support this 
theory, nor does the marked ophthalmo- 
plegia with mild exophthalmos seem to sup- 
port the idea that the pressure is very 
important in myopathy. The microscopic 
changes in the muscles reveal a swelling 
and infiltration that appears to be an active 
rather than a passive pressure phenomenon. 


Tumors 
Milam reported the changes of Miku- 
licz’s disease in four patients. The typical 
histological changes are epimyoepithelial 
islands, intraductal proliferation of epithe- 
lial and myopithelial cells, and sheets of 
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lymphoid tissue. The condition is benign, 
self-limited, and of unknown etiology. 

Jain et al. reported rhabdomyosarcoma 
of the orbit in a 16-year-old boy. The his- 
tory was a rapid painless proptosis with 
loss of vision treated by antibiotics and 
x-ray, with improvement. Five months 
later there was a recurrence of the exoph- 
thalmos that was treated by Kroenlein’s 
operation, with improvement. Three months 
later the involved orbit was exenterated, 
but metastatic lesions appeared within one 
month. The boy died four months later, 
after exenteration of the recurrent tumor 
mass one month before death. 

A lymphocytoma of the orbit in a 42- 
year-old man was described by Das Gupta 
et al.57 There had been a painless proptosis 
of 11 months’ duration. The tumor mass, 
measuring 24X23 mm., was removed by 
surgery. This is a benign tumor. 

Nirankari et al.** reported an eosinophilic 
granuloma of the orbit involving the skull, 
orbit, and scapula in a 7-year-old boy. 

The rare neoplasms arising from vestiges 
of fetal notochord are reviewed by Benk- 
horst et al.%* They report a case of basilar 
chordoma with nasal and bilateral orbital 
involvement. The diagnosis is usually made 
at postmortem examination. The tumors 
are slow-growing, with an average life ex- 
pectancy of two to three years. Treatment 
is palliative, because surgical removal is usu- 
ally impossible. 

An unusual choroidal sarcoma with me- 
tastasis to the opposite orbit was reported 
by Cowie and Harriman.® The patient was 
a 51-year-old woman whose right eye had 
been enucleated for a choroidal sarcoma in 
1951. In 1955 the vision in the left eye 
began to fail, with the development of ex- 
ophthalmos. The tumor mass was removed 
surgically, with reduction in papilledema 
and visual improvement. Six months later 
there was a recurrence in the orbit, with 
liver involvement. 

Optic nerve gliomas were reported by 
Boles et al.,** Taveras, and Jain.“ The 
case of Boles et al. did not have exophthal- 
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mos, but the tumor mass was present on 
the disc. Taveras reported on 34 cases 
treated with roentgen therapy combined 
with conservative surgical treatment. Fif- 
teen of the twenty-two patients were alive 
and well 5 to 22 years after radiation ther- 
apy. Jain reported the successful intact 
removal of an optic nerve glioma by Kron- 
lein’s lateral orbitotomy, leaving the globe 
intact. According to the author, there was 
a good cosmetic result. Undoubtedly, the 
cosmetic result would be superior to that 
of exenteration of the orbit, which is fre- 
quently advised in this type of case, but 
perhaps it would be no better than the 
approach through the orbital roof recom- 
mended by some neurosurgeons. One of 
the advantages of the neurosurgical ap- 
proach is that it makes it possible to remove 
the intracranial portion of the optic nerve. 

Rose and Taylor “ reviewed the findings 
of a 56-year-old woman with marked ex- 
ophthalmos secondary to multiple myeloma 
of the orbit. The patient died within six 
weeks, despite therapy. The onset of the 
exophthalmos was 10 weeks before her 
death. 

Levy ® reported on a 3-year-old boy with 
a history of a lump on the side of his head 
of four months’ duration and exophthalmos 
of one month’s duration. A mass was felt 
in the orbit that was removed and proved 
to be neuroblastoma. The child received 
high-voltage x-ray therapy but died in six 
months. Despite widespread lesions, the 
authors believed that the primary tumor 
arose in the orbit. 

Ocular metastasis in Hutchison-Pepper 
syndrome was reported by Das Gupta and 
Roy.** This syndrome is neuroblastoma of 
the adrenal gland with involvement of the 
liver and the orbit. Fifty per cent of the 
patients live less than two years, and seven- 
ty-five per cent, less than four years. Three 
cases of spontaneous regression have been 
reported. The authors present a report of 
a spontaneous regression in a patient with 
an ocular metastasis. 
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Van Arnam and Fine®™ reported two 
patients with orbital metastases of renal 
carcinoma. One patient was a 59-year-old 
man with bleeding from the nose and re- 
duced vision of six months’ duration. 
There was mild exophthalmos. X-rays re- 
vealed destruction of the ethmoids. The 
primary tumor was adenocarcinoma of the 
kidney. The second patient was a 72-year- 
old man who had had a kidney removed for 
carcinoma eight years previously. One fea- 
ture common to the two patients was the 
long interval between the occurrence of the 
primary tumor and that of the metastatic 
lesion in the orbit. 

Penn and Godwin reported a diffuse 
peritoneal mesothelioma metastatic to the 
orbit. The patient was a 34-year-old white 
man with pain and protrusion of the left 
eye. Neurosurgical exploration failed to 


reveal a tumor, but after exenteration of 
the orbit the primary tumor was suspected. 
This tumor is slow-growing and slow to 
produce metastatic lesions. 

An excellent review of 143 histologically 


verified intracranial meningiomas was pre- 
sented by Newell and Beaman.®® Fourteen 
patients had lesions of the tuberculum sellae, 
and eleven of these had optic atrophy. 
There were 15 patients with meningiomas 
of the sphenoidal ridge. This is a very good 
article and should be carefully read by any- 
one interested in intracranial meningioma. 

Two excellent articles on radiation treat- 
ment of orbital tumors were presented by 
Lederman.”**7! The articles present details 
of the techniques for treatment of both 
primary and metastatic tumors of the orbit. 


4620 J. C. Nichols Pkwy. (12). 
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News and Comment 


ANNOUNCEMENTS 


Eastern Section, Association for Research in Ophthalmology.—The meet- 
ing of the Eastern Section of the Association for Research in Ophthalmology will 
be held in New York at Bellevue Hospital on Friday and Saturday, Nov. 21 and 


22, 1958. 


Causes of Failure in Intraocular Surgery.—The faculty of the Division of 
Ophthalmology, Stanford University School of Medicine, announces a new course, 
“The Causes of Failure in Intra~-Ocular Surgery and Related Problems.” The 
course will be presented Nov. 12 through Nov. 15, 1958. The $75.00 fee will in- 
clude lunches and a dinner. Enrollment will be limited to 30 ophthalmologists. 
Those interested should contact the Office of the Dean, Stanford University School 
of Medicine, 2398 Sacramento St., San Francisco 15. 
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Obituaries 


WILLIAM ZENTMAYER, M.D. 
1864-1958 


Dr. William Zentmayer died on the evening of March 18, 1958, in his 94th 
year, during an attack of angina pectoris which was secondary to a coronary 
thrombosis suffered one month earlier. Thus passed a distinguished, possibly 
unique figure in ophthalmology, the dean of his profession in Philadelphia and 
probably in the United States. 

Dr. Zentmayer was born on Oct. 28, 1864, the son of Joseph and Katherine 
Zentmayer. His father, who emigrated from Germany, was as eminent an 
optician as the son was an ophthalmologist and established his firm in Philadelphia 
in 1853. In 1874, Mr. Zentmayer was awarded the coveted Elliott Cresson gold 
medal by the Franklin Institute for numerous improvements and marked superi- 
ority of workmanship in the microscope. He was also awarded a gold medal at 
the Centennial Exhibition in Philadelphia in 1876 and another in Paris in 1878 


WILLIAM ZENTMAYER, M.D. 
1864-1958 


for his work on microscopes, and he made notable contributions in photographic 
lenses. He was among the first to limit his business in spectacles to prescriptions 
from ophthalmologists, and, as early as 1860, he ground spherocylindrical lenses. 
It was owing to men like these that, during this period, Philadelphia was one of 
the greatest ophthalmological and optical centers in the world. 
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Dr. Zentmayer’s contributions to literature, all carefully and thoughtfully 
executed, are too numerous to mention, but some of the positions he held should 
be noted. He was chairman of the Section on Ophthalmology of the American 
Medical Association in 1916-1917 and president of the American Ophthalmo- 
logical Society, 1926-1927. These positions and others he obtained through sheer 
merit, as he was not especially gregarious, though he was a witty and interesting 
conversationalist. He was a bachelor, and his main interests were ophthalmology, 
poetry, and music. He was an insatiable reader and had a remarkably retentive 
memory; consequently, his knowledge of ophthalmic literature was second to 
none, aS many an essayist can testify. 

Dr. Zentmayer was a good surgeon and performed a greater variety of 
operations than anyone I know, particularly on the extraocular muscles. He was 
an excellent teacher, and his lecture notes were in great demand; he was a keen 
clinician who remembered his patients well, and woe betide the resident who 
forgot his orders of the previous clinic day. His forte, however, was ophthal- 
moscopy, and, curled up on a stool in the dark room of the old Wills Hospital, 
he astounded students and ophthalmologists alike by his ability to determine the 
refraction of an eye with his insignificant-looking little reflecting-light ophthal- 
moscope. 

Dr. Zentmayer served as an Editor of the Archives of Ophthalmology from 
1929, when it was taken over by the American Medical Association, up to the 
time of his death, having previously served as associate editor. He enjoyed the 
friendship and respect of Dr. Arnold Knapp, who had edited and published this 
periodical at great expense to himself prior to this transfer. Dr. Zentmayer also 
served as editor of The Transactions of the College of Physicians of Philadelphia 
from 1899 to 1913, and he was very proud of a portrait by Daniel Garber, pre- 
sented to that Institution by an international group of ophthalmologists in 1940. 
He was president of the Medical Alumni Society of the University of Pennsyl- 
vania in 1922-1923 and was guest of honor of the Annual Meeting of the 
American Medical Association in 1941. The St. Louis Society for the Blind 
awarded him the Leslie Dana Medal in 1945 for “Outstanding Achievements in 
the Prevention of Blindness and the Conservation of Vision,” and in 1948 he 
was awarded the Lucien Howe Medal by the American Ophthalmological Society 
“in recognition of his distinguished service to ophthalmology.” 

Dr. Zentmayer began his career as Chief of the Eye, Ear, Nose and Throat 
outpatient department of the Children’s Hospital in 1887. He also served at the 
Glen Mills School, St. Mary’s Hospital, St. Agnes Hospital, and The Wills Eye 
Hospital, where he became Attending Surgeon in 1901. He resigned this position 
at the age of 65, of his own volition, and retired from active practice on Feb. 2, 
1951, largely, I believe, because of a macular choroiditis. Fortunately, he was able 
to read with one eye up to the time of his death and thus to continue his interest 
in ophthalmology. 

Dr. Zentmayer was very regular in his habits and punctilious in the amenities 
of his scientific and social life. During his active career, he smoked two cigarettes 
daily—one when he finished his clinic and one after dinner. He rarely if ever 
missed a Section meeting at the College of Physicians of Philadelphia, and I doubt 
that he missed many meetings of the American Ophthalmological Society, of 
which he was the oldest living ex-president. He walked daily, and when on vaca- 
tion or at certain meetings he would cover as much as 15 miles over mountainous 
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terrain, outdistancing more rugged friends. As a younger man, he bicycled and 
was proud of his “Century.” This entailed a ride from Philadelphia to Atlantic 
City and return on a warm summer day, which he was able to complete without 
wilting his high starched collar. 

At the time of his death, he was consulting surgeon to The Wills Eye Hospital, 
Emeritus Professor of Ophthalmology at the Graduate School of the University 
of Pennsylvania, an Editor of the A. M. A. ArcHives oF OPHTHALMOLOGY, and 
a life member of the National Society for the Prevention of Blindness. He lived 
at 265 Forrest Rd., Merion Station, Pa., and is survived by his sister, Mary. 

Warren S. Reese, M.D. 


Correspondence 


AGENESIS OF THE MEDIAL RECTUS MUSCLE: CORRECTION OF A CASE BY TRANSPLANTATION 


To the Editor :—The recent article by Drs. Louis J. Girard and Robert A. 
Neely (A.M. A. Arcu. Opntu. 59:337-341 (March) 1948) in which they 
report a case of agenesis of the medial rectus muscle and the surgical correction 
thereof is an interesting account of this condition. However, the authors state: 
“Since all of the reports, thus far, have dealt with paralysis of the lateral rectus, 
opponents of this procedure have questioned whether abduction obtained was 
from the transplanted slips of the vertical recti or from the resected paralyzed 
lateral rectus.” (Italics mine.) I feel it would be remiss on my part not to call 
to the attention of the authors an article entitled, “Absence of the Medial Rectus 
and Its Successful Treatment by Vertical Tendon Transplants,” by Dr. Howard F. 
Hill (Tr. Am. Ophth. Soc. 53:115-126, 1955). In this article a case successfully 
treated is reported and reference is made to a few unreported cases in which 
this procedure has been performed. In the discussion following the article Dr. 
Conrad Berens, Dr. John McLean, and Dr. Alson Braley mention briefly such 
cases of their own. 

The discussion of the possible mechanism by which adduction is achieved 
following the tendon transplant is also of interest, particularly in the light of the 
more recent article by Drs. Girard and Neely, and I commend it to them. 


Kevin Hitt, M.D. 

243 Charles St., Boston 14. 
To the Editor:—\ speak for both Dr. Neely and myself in apologizing for 
our remission in overlooking Dr. Hill’s father’s article on this subject published in 
the Transactions of the American Ophthalmological Society in 1955. We are 


particularly embarrassed because of the excellence of the article and the discussion 
which followed. 


Louts J. Grrarp, M.D. 

Head of Division, 

Baylor University College of Medicine, 
Houston 1, Texas 
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Isotopatologia del tracoma. By Giuseppe Scuderi. Price, Lire 3500 for Vol. 1 
(Text), Lire 9000 for Vol. 2 (Atlas). Pp. 152 in Vol. 1, pp. 146, with 291 
illustrations, in Vol. 2. Edizioni Minerva Medica S. A., Corso Bramante 83- 
85, Torino, Italia, 1957. 

This text and atlas, states Prof. G. Favaloro in the preface, represent the most 
thorough and original treatment of the subject in the literature on trachoma up to 
now. The text is well printed, and the atlas contains excellent photomicrographs 
in black and white and in color. The captions are clear and include the name of the 
stain used and the magnification. The author follows the classification of trachoma 
offered by Professor Favaloro, who divides the disease into the infrequent benign 
conjunctival form, the rare purely corneal type, and the common progressive form 
involving tarsus, conjunctiva, and cornea. 

The text, with a complete bibliography at the end of each chapter, and the photo- 
graphs of pathologic sections taken from autopsy and biopsy material, prove the 
author’s thesis that trachoma not only involves the conjunctiva but also may affect 
almost all the tissues of the lid, the lacrimal apparatus, and the cornea. This work 
merits a well-deserved place in every reference library serving ophthalmologists, 
virologists, and students of trachoma. 


Optical Aids for Low Acuity. By Russell L. Stimson. Price, $10. Pp. 26, with 
16 near visual acuity charts and tables. Braille Institute of America, Los 
Angeles, 1958. 

This manual presents a procedure for determining suitable optical aids for low- 
vision patients by means of two types of specially designed near test charts: (1) 
visual resolution charts consisting of groups of three circular areas; two are gray 
and the third one is a concentric ring target which is either resolved and therefore 
seen as such or is seen as a gray area. Different sizes of these test elements allow 
an estimation of this type of retinal resolution in an area subtending up to 10 
degrees; (2) letter acuity test charts for comparison testing and the evaluation of 
the efficacy of the optical aid. 

Both these types of tests are so designed as to represent an even progression of 
visual acuity steps from 35/35 to 35/1554. There is a chart for selecting the proper 
power of reading aids on the basis of the visual acuity findings. 

A valuable part of the manual is the discussion of problems encountered with 
low-vision patients in adapting them to their visual aids. The list of available 


optical aids for subnormal vision with information where to get these should prove 
helpful. 
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SLIT LAMP APPARATUS 


On instrument table or compound stage, the 
latter designed for electric tables or refracting 
units 


Requires no adjustments. The slit lamp 
can be swung past the corneal microscope 
without interruption of observation. Can 
be set for five different magnifications by 
simply turning a knob, without changing 
objectives, eye-pieces or working distance. 
Affords maximum brilliance of the illumi- 
nating rays and sharpest possible defini- 
tion of the microscope images. 


Supplementary equipment such as 
Hruby lens, gonioscope, photo attach- 
ments, ete. are available. 


FUNDUS CAMERA 


This camera photographs a_ circular 
fundus area with a diameter of 30°—in 
color or black-and-white. Movements of 
the eye do not affect picture definition be- 
cause electronic flash permits a short ex- 
posure. Diameter of the camera’s illumi- 
nating pupil is adjusted to the diameter 
of the patient’s pupil. Optically compen- 
sates for chromatic aberration and astig- 
matism of the eye. Operation of the 
camera is largely automatic—shutter re- 
lease switches from observation to pho- 
tography. Can also be used as a measur- 
ing camera. Uses standard 35mm film. 


OTHER CARL ZEISS EQUIPMENT 


Operation Microscope Vertex Refractionometer 

Attachment for Gonioscopy * Photo Attachment for 

Slit Lamp and Operation Microscope ¢ Diagnostic 

Set © Hand Lamp © Twin Lamp ¢ Binocular Head 
Magnifier. 


SEE OUR EXHIBIT AT THE SHOW-sootus 74-75 


Meeting of the American Academy of Ophthalmology and Otolaryngology 
Palmer House, Chicago, Oct. 12-17 


ZEISS, 


485 FIFTH AVENUE, NEW YORK 17, N. Y. 
All Carl Zeiss products are made in West Germany 
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GUARANTEED 
UNINTERRUPTED 
REPAIR SERVICE 


Walter Melcher is applying color on 
an artificial eye. He needs the skill of 
an expert glass blower plus the color- 
ing technique of an artist to match 
eyes of all shapes and colorings. For- 
tunately, Walter is heir to 105 years’ 
experience. Our skilled glass and 
plastic eyemakers have passed along 
and perfected their technics since 
1851. These men visit most areas reg- 
ularly to make artificial eyes that are 
perfectly matched for your patients— 
another reason to call or write our 
nearest office on your next replace- 
ment. 


© Eyes custom made— 
glass or plastic 

© Eyes from stock sent on 
same day order received 


Complete 
Artificial Eye 
Service 


Serving the Profession Since 1851 


30 NCMichigan Ave. E. Séth St. 
Chicago 2, Illinois New York 22, N. Y. 


CLEVELAND DETROIT HOUSTON (Soper Bros.) 
KANSAS CITY MINNEAPOLIS ST. LOUIS 
BOSTON PHILADELPHIA PITTSBURGH WASHINGTON 


Seeing is believing .. 


COMPARE THE APPEARANCE AND 
OPTICAL PERFORMANCE OF THE 


WITH ANY LENS YOU’VE EVER KNOW 


COMPARE IT FOR CLARITY — never before has 
clearer vision been available for post-operative 
cataract cases. 


COMPARE IT FOR LIGHTNESS — the special plastic 
material used to make I-GARD lenses is so 
amazingly light in weight that aphakic patients 
are more than satisfied. 


COMPARE IT FOR READING FIELD — the wide read- 
ing segment of the I-GARD lens is 6mm. greater 
than most other cataract bifocal lenses. 


COMPARE IT FOR COSMETIC APPEARANCE — the thin- 
ness of the I-GARD lens, together with its light 
weight, is a source of great satisfaction to 
cataract patients. 


YET FOR ALL THIS, i-gard LENTICULAR 
CATARACT BIFOCALS COST NO MORE 
THAN LENSES OF GLASS! 


OPTICAL CO., INC. 


357 Westminster St., 
Providence 1, R. I. 


LENTICULAR CATARACT BIFOCAL | 
| 
| 
| 
—glass or plastic | 
® Damaged or broken eyes | 
accurately matched : 
© Fitted to all types of 
© Implants, 
‘a X-Ray therapy shields, 
foreign body locators : 
Finest Workmanship 
McLEOD | 


For Pinpoint Accuracy 
in Lens Analysis 


LENSOMETER 


A Pioneer and Leader in 


e Convenience 
e Accuracy 
e Dependability 
e Versatility 


Talk to your 
sales representative 
or write 


American Optical 
Company 


INSTRUMENT DIVISION. BUFFALO 15. NEW TORK 
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RMORLITE LENS coco. inc. 
the developers of hard plastic lenses 
117 EAST COLORADO ST + PASADENA, CALIFORNIA 


SURGICAL INSTRUMENTS CO., INC. 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 


ESTABLISHED 1875 


SCHIOTZ 
TONOMETER 


IN STAINLESS STEEL 


This instrument is made in strict accordance with 
the revised specifications adopted on March 8, 
1952, by the Committee on Standardization of 
Tonometers of the American Academy of Ophthal- 
mology and Otolaryngology, and is supplied in a 
dust-proof case which has separate recesses for the 
Instrument, Test Block, Weights, and Plunger. 


As made in our own laboratories it preserves all of its original effectiveness for determining ocular 


tension with a new margin of accuracy, sturdiness, ease of handling and beauty of finish that is 
characteristic of instruments made by Meyrowitz. 


It has been found satisfactory by many Ophthalmologists and meets all the specifications of the 
A.A.0.0. Tonometry Committee. 


Approved by the Electrical Testing Laboratories, it leaves nothing to be desired from the standpoint 
accuracy. 


In case, with certification, each $55.00 


RELAX... he’s wearing Armorlites, 
\ / 
the safest, lightest, most durable 2 lenses made 
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—CURPAX 


Dual Purpose 


PATENTS PENDING 


This improved design incorporates outstanding new 
features adapted to a new technique in Orthoptic 
diagnosis instituted by: 

Dr. A. Stanworth 

Senior Lecturer in Ophthalmology 

Manchester University 
While conforming to details of the Standard 
instrument for routine treatment, it permits of 
interchange of optical components which enable 
the patient to view directly a suitable surface at a 
distance of 10 to 20 feet. 
The viewing conditions are therefore very close 
to those of normal, everyday life. 
By means of transparent reflecting surfaces, slides 
of special design are seen by the patient projected 
onto the distant surface. 


CURRY & PAXTON INC. 


866 Willis Avenue 
Albertson, L. I., N. Y. 


DISTRIBUTORS: 
CHICAGO: The House of Vision, Inc. WASHINGTON: Edmonds, 


The readings so taken make possible a precise 
assessment of the angle of squint and the use 
being made of the patient’s binocular vision under 
normal conditions. 


The instrument is of practical value in the detection 
of abnormal retinal correspondence, in small angle 
squints, and in patients in whom the cover test is 
difficult to interpret. 


The measurement of peripheral fusion (in small 
angle squints) and of fixation disparity in normal 
viewing conditions is brought within the range of 
normal clinical practice. 


Available for immediate installation at $615.00, 
including Bielchowski After-Image Slides, 


“Helping the W orld to Better Vision” 


Inc. SAN FRANCISCO: Parsons Optical Laboratories, Inc. 


LOS ANGELES: Superior Optical Supply Co. PITTSBURGH: The Doig Optical Co. ST. LOUIS: Ostertag Optical Service, Inc. 
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Top-Grade Technical Performance 


- - - @ Safeguard for Your Professional Skills and 
Judgment. 
{Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of 
Dow seasoned craftsmen, whose devotion to the 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 3! years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. £. DOW, Pres. 


Bloomington, Ill. 


QUALITY SERVICE 


OPHTHALMIC EQUIPMENT 


BAUSCH & LOMB 


REFRACTING UNITS TEST LENS SETS 
CHAIRS—ALL TYPES TRIAL FRAMES 
SLIT LAMPS RISLEY ROTARY PRISM 
KERATOMETER PRISM BARS 
VERTOMETER OCCLUDERS 
PERIMETER TEST OBJECTS 
ACUITY PROJECTOR TONOMETERS 
GREENS REFRACTOR MADDOX ROD 
ADJUSTABLE TABLES RED GLASS 
STOOLS—ALL TYPES 
COLOR BLINDNESS CHARTS 
HOLMGREN’S COLOR TEST 
GLASS & PLASTIC PRISMS 
MORTON OPHTHALMOSCOPE 
COPELAND STREAK RETINOSCOPE 
SCHEPENS BINOCULAR 


An electromagnetic detecting device that quickly 


and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
lic fragments are readily detected from a satisfac- 
tory distance through intervening bone, tissue and 
fluids. Probing or physical contact with the foreign 
body is not required for detection. 

The thin sterilizable probe provides preoperative 
localization, “pin-point" accuracy within the inci- 
sion and postoperative check. 

Lends precision to foreign body surgery and 
greatly reduces surgical trauma. 


BERMAN LABORATORIES 


112-03 Rockaway Bivd. Ozone Park 20, N. Y. 


DIAGNOSTIC INSTRUMENTS AND SURGICAL INSTRU- 
MENTS ARE OUR SPECIALTY 


ALL TYPE OF EQUIPMENT AND INSTRUMENTS 
REPAIRED AND SHARPENED 


WE EXPORT TO ALL PARTS OF THE WORLD 
QUICK DELIVERIES 
Phone, GRamercy 5-0585 


S. G. KREBS CO., INC. 
351 Second Avenue 
New York 10, N. Y. 


Distributors for 
Bausch & Lomb 
Reliance Welich-Allyn 
Nat. Elec. Inst. Co. 


“services that will 
neverletyoudown 
| The Berman Metal Locator 


SAUER 
Corneoscleral 
Suturing 
Forceps 


A beautifully, delicately made forceps for fine bites of cornea when minimum trauma but 
maximum security of tissue edges is desired. Stainless. (OP-3325) Each, $7.50 


SAUER 
Corneal 
Debrider 


Are-shaped, 8 mm. debrider with flat surface 1 mm. wide on the inside of the arc. Debrider 
is dull, at about a 45° angle to the standard eye instrument handle. Stainless. x ane 
ach, J 


LUMUELLER CO. 


330 South Honore Street 
Chicago 12, Illinois 


DALLAS * HOUSTON ¢ LOS ANGELES ¢ ROCHESTER, MINN. 


| “CONTACT LENSES" | 
| new 800-page book | 


1) 800 pages of pertinent information on all phases 
of contact lenses. 


2) 197 illustrations, many in full color. 


More than 600 papers and textbooks cited in 
bibliography. 


Authors: Theo. E. Obrig and Philip L. Salvatori, 
well-known pioneers in the field. 


B Just published. $15 per copy. 


49 East 51st Street, New York 22, N. Y. 
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Send your order to: 


For the OPHTHALMOLOGIST and his associates in GENERAL PRACTICE. 
The two instruments complimenting the SCHIOTZ TONOMETER. 


BERENS-TOLMAN OCULAR HYPERTENSION INDICATOR 


This instrument is a direct reading 
tonometer that needs no adjust- 
ments or charts. 


It is set to 25 mm. Hg. and shows 
instantly upon being applied to 
the cornea if the tension is above 
or below that point. 


All metal parts are stainless steel 
_ a and are made exactly to the 
$s standards of the Schiotz Tonom- 
eter. 
Complete descriptive booklet is furnished with each 
instrument. 


Price $18.50 


An ideal instrument for checking the readings of the 
Ocular Hypertension Indicator and the mechanical ac- 
curacy of the Schiotz Tonometer. 


The top of the instrument is 
an exact 16 mm. radius test 
block and the dial is gradu- 
ated 0 to 20 same as the 
Schiotz Tonometer. 


Made to the same exact standards as the Ocular Hyper- 
tension Indicator. 


Price $25.00 


Available at all Optical and Surgical Suppliers 
Manufactured By 


225 Cadwalader Ave. 


R. O. GULDEN 


Philadelphia 17, Penna. 


Schiotz Tonometer Standardization—Repair—Maintenance Service 


LAMINATED SAFETY LENSES 


. . continue to provide both positive and practical Eye Protection—just 


as laminated safety glass continues to provide protection in today’s auto- 


mobiles—cars with greater glass area than ever before. Motex Construction 


holds fragments intact if lenses are accidentally broken while in position 


before the eyes. Write for interesting “Facts About Safety Lenses.” 


| TOLMAN TONOMETER MICROMETER 
| 
OPTICAL INDUSTRIES, INC. 
INDIANAPOLIS INDLANA 


Take a number from 1 to 10... 

or even to 20... and you still can't give 
your patient a better, more effective neutral 
filter in or than 


you might say with Chareoal-filtered sng! 


| | 
Y Uj 
LLL. 
300 400 500 600 700 mm : 

@ retains remarkably normal color values . . . | 

Ges g Z Z @ bars both the abiotic and erythemal ultra-violet... 
bars 90% of the infra-red, even to 4,800 mu. .- - 
@ now in these dependably Ist-quality multifocals... 
Mono-centric 
3-wa The MODERR 


SPECIALTY JOURNALS 


PUBLISHED MONTHLY 
BY THE AMERICAN MEDICAL ASSOCIATION 


each journal offers =m 
the latest medical findings by qi 
outstanding authorities in 

its special field . . . 

of value not only 

to the specialist but 

to the general practitioner as well 


to order your subscription to one of the A.M.A.’s 
specialty journals use the form below 


AMERICAN MEDICAL ASSOCIATION 

535 North Dearborn ¢ Chicago 10 

Please enter my subscription to the specialty jeurnal checked at right. 
Start my subscription with the next Issue. 

Remittance for one two years is enclosed. 


Psychiatry 
DC AMA. Arch. Dermatology.... 12.00 
(CD AMA, Arch. industrial Health. 10.00 
(CD AMA. Arch. Internal Medicine 10.00 
(CD AMA. Jrl. Diseases of Children 12.00 
CAMA. Arch. Surgery ....... 14.00 
ADDRESS. Arch. Pathology ...... 10.00 


NAME 


CITY ZONE____STATE DAMA. Arch. Otolaryngology... 14.00 


| 
USA. & Outside 
Possessions Canada U.S.A. & 
APO's Possessions 
(C0 AMA. Arch. Neurology and 
$14.50 $15.50 
12.50 13.50 
10.50 11.50 
10.50 11.50 
12.50 13.50 
14.50 15.50 
: 10.50 11.50 
AMA. Arch. Ophthalmology 2.00 12.50 13.50 
14.50 15.50 


For a quick, easy and acurate VISUAL FIELD testing 


@ BOWL made of transparent plastic. White screen painted 


on the inside ; meridians and parallels engraved on the outside. 
iitumination uniform and ajustable. 


& Ever-clear TEST OBJECT projected from the outside, the 
position of which is easy to mark. 


@ During the testing, the limits of the visual field are designed 
straight on the bowl. After examination, they are recorded on 
special tracing paper CHARTS. Scotomas can be recorded apart, 
directly traced on the bowl, with the accuracy of a CAMPIMETER. 


| : 137 NORTH WABASH + CHICAGO 2, ILLINOIS 
FRANC E 
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Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 


MADE TO ORDER IN OUR OWN LABORATORY 
Doctors are invited to visit 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 


Plastic or Glass Selections Sent on Memorandum upon Request 
Implants and Plastic Conformers in Stock 


FRIED anno KOHLER, INC. 


665 FIFTH AVENUE 
near 53rd St. 


NEW YORK, N. Y. 
Tel. ELdorado 5-1970 


DVORINE 


PSEUDO: 
ISOCHROMATIC 
iPLATES* 


* Distinguishes the color-blind from the color-ignorant 


ag type a 


Complete directions with ea 


1 
*The Dvorine Color Vision Test is acceptable to the 
Administrater of Civil Aeronautics as a test of 
color vision in Civil Airmen. i 


Price of set $15.00 
Less 5%, if check accompanies order 
SCIENTIFIC PUBLISHING CO. 
Dept. A—2328 Eutaw Place 
Baltimore 17, Maryland 


NEW ORLEANS 
ACADEMY OF OPHTHALMOLOGY 


The Ninth Annual meeting of the New Orleans 
Academy of Ophthalmology will be held in New 
Orleans in the Roosevelt Hotel, February 23-27, 
1959, featuring “Diseases and Surgery of the 
Retina.” 


Panel—Arthur J. Bedell, M.D. 
Harold F. Falls, M.D. 
Bertha A. Klien, M.D. 
Dohrmann K. Pischel, M.D. 
Wilbur C. Rucker, M.D. 
Charles L. Schepens, M.D. 
Donald M. Shafer, M.D. 
Lorenz E. Zimmerman, M.D- 


The registration fee of $75.00 includes associate 
membership in the Academy for the year of 1959, 
as well as all other features of the convention. 
Hotel reservations should be made early by writing 
directly to the 


EXECUTIVE SECRETARY, P. O. BOX 469 
NEW ORLEANS, LA. 
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EXCELLENT 
FEATURES 


Here is the common-sense answer to the 
psychological problems of the early presbyope.. . 


THE YOUNGER BIFOCAL 
| 


Every refractionist is faced from time to time with 
the early presbyope who views multifocal lenses 
as a sign of encroaching age. While not a 
physical problem, it is nevertheless an important 
psychological one, not at all limited to those 
who by virtue of profession (such as theatrical] 
people), must not show their dependence 

upon presbyopic aids. 


After years of clinical research, laboratory 

experimentation and testing, a fool-proof form of 

invisible-segment lens has been perfected—the 
Younger Seamless Bifocal. 


The Younger Seamless Bifocal is a one-piece 
achromatic lens with the reading curve on the 
anterior surface. The usual dividing-line formed 
by the segment edge is obliterated by a precisely- 
calculated transition curve between the 

distance and reading curves. While this transition 
area, which varies in width with the reading 
power, has no therapeutic value, neither does it 
create a disturbing factor in the patient’s vision. 


Most important from the refracting standpoint is 

the fact that a clear, sizable, prescription- 

perfect reading area is provided, with a readily- 

neutralized, undistorted distance area ... and 

there is no apparent sign of the usual dividing- 
line between the two powers! 


Younger Seamless Bifocals are available in Adds 
from +0.75D to +3.00D, in White, Tint #1 

and Green #3, through your optician or 

supply house. Technical information and a demon- 
stration lens will be sent you upon request 

direct to any authorized Younger supply house. 


| Xt O U N G E MANUFACTURING 
My COMPANY 


~ 
1829, South Main Street. Los Angeles 15, Calif. 
. *Mfg. Proc. Pat. Pending 


Ens 20/20 WITH TRIAL LENSES ... and 
20/40 WITH FINISHED GLASSES 


VERTEX 


DISTANCE USE THE 


LENSCOROMETER 


AUSTIN BELGARD PRODUCT 


When lens in the trial frame is twelve millimeters from the eyes, and the finished 
glasses are eight millimeters away, the effective power of a +12.00 will be only 
+ 11.37. 


To insure true translation of prescriptions, in corrections of 5 diopters or more (— ) 


or (+), use the Lenscorometer. 


AUSTIN BELGARD, INC. 


109-111 NORTH WABASH AVENUE, CHICAGO, ILLINOIS 
1139 CENTRAL—WILMETTE, ILLINOIS 


TRANSACTIONS OF THE 
American Ophthalmological 
Society 
VOLUME LV 


GORDON M. BRUCE, editor. Nineteen 
papers by members of the Society and 
thirteen theses by newly elected members 


Most modern offices and factories are 


equipped with the best in scientific light- 
ing facilities—but, they reflect on sur- 
faces of glasses. These “GHOST” reflec- 
tions are annoying and contribute to 
fatigue. MAY-O-LITE coated lenses can 
help eliminate these annoyances. 


Complete Your Professional Service By Adding 


The Best in Sight 
MAY-0O-LITE 


Low Reflection Coating 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 


comprise this year’s volume. One of the 
most important series in medicine, the 
Transactions each year record findings and 
research in ophthalmology by leading 
American specialists and scientists. Contri- 
butions are well documented and made clear 
with illustrative material. The complete dis- 
cussion at the 1957 meeting is included. 


$18.00 


COLUMBIA UNIVERSITY PRESS 
2960 Broadway New York 27, N. Y. 


nurova | 


it's as simple as that to take care of a lot of 
different bifocal prescriptions. It’s simple, 
that is, when you use the Kurova F flat top with 
its choice of base curves, tints and segment 
sizes. Fused at a low heat, you'll find F’s 

to have clean surfaces. There is no 
disturbing color, curves are accurate and 


there is a true focus polish. 


ova F You can work so conveniently, get such 
Kv 1 Gt 
BASE pink 


aus wi we : quality with Kurova F. Try and see. 
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U.S. PATENT 
No. 2,809,556 


According to the Decision of the United States Court of Customs and Patent Appeals 
(721 Offical Gazette U.S. Patent Office 425): “Applicant is, apparently, the first to 
provide a deeply arched central zone in the lens so that a cresent-shaped space is formed 
between the lens and the underlying apical zone of the cornea. This device eliminates 
any possibility of apical contact, provides strong, but not excessive, capillary attraction, 
and also retains a tear body to insure quick replenishing of the tear layer in the peri- 
pheral area should a tear layer be momentarily squeezed out by lid pressure. The 
practical advantages of such a construction are apparent, and, as evidenced by the 
affidavit and letters of record, are fully appreciated and recognized by practitioners 
in the field. In our view, it should be afforded the protection of the patent statute.” 


1148-1168 W. Chi Ave., Chicago 22, Illinois, U. S. A. 
exclusive licensees and RP C-s0l Please send me absolutely free and without any obli- 
gation whatever, full facts explaining the advantages 
1148-1160 W. Chicago Ave., Chicago 22, Ill. 
Cable Address: MIDSICO 


and radical differences of the DomeX Cornea! Con- 
tact Lens. Also how | can get your Trail Lens Set 
MIDWEST SCIENTIFIC (CANADA) CO. 
27614 Yonge St., Toronto, Ont. 


without cost. 
Name. 


Addres. 


City. Zone. State. 


PERM-EDGE CATARACT KNIVES—KERATOMES 
y Now made of greatly improved 
Stainless Steel 


@ Sharp, Long Lasting Edges 
@ Will Not Rust or Peel 
@ Easily Resharpened 


Available for immediate delivery 
from your local surgical supply dealer 


eg 5 COMPANY, 425 FOURTH AVE. NEW YORK 16, N.Y. 


CORNEAT, QIN TAC’ 
$-106 
| 
Rx 
; 
Fs 
$ 10.00 EA 10.00 EA 


; Dramatic Toxicity Comparison 
BENZALKONIUN CHLORIDE 


over “partially denuded cornea 


REFERENCE: Harris, J. E., Rowell, P. P., Beaudreau, O. 
“Laboratory and Clinical Experience With Virac’’ 
AMA Arch. of Ophth., Aug. "58. 


A highly effective microbiocidal iodine compound, VIRAC has been 
reported suitable for use in the human eye, thus providing an im- 
proved and effective treatment of conjunctivitis and other external 


eye infections. *Undecoylium chloride—iodine 


Vi RAC is available through druggists and physicians 


supply houses in ophthalmic ointment, solution and concentrate form. 


RUSON LABORATORIES 


3434 S. E. MILWAUKIE AVENUE PORTLAND 2, OREGON 


Photograph of rabbit eye taken 23 days Photograph of rabbit eye taken after 
after 0.1 benzalkonium chloride diluted to contain 0.1% quater-— 
pooled for five minutes over partially 


Eyes don’t change... 
. .. but instruments do 


ALLYN 


Removable 
rubber cap 


Extended 
light shield 


Positive 
“OFF ” 
rheostat PERMAFIT 
stainless steel 
collar assures 


tight fit 


One-hand “ 
control of 
lens and 
aperture 


selection 


brilliant, all-new 
WELCH//ALLYN 


OPHTHALMOSCOPE 
and improved battery handles 


= 


From years of research comes this new in- 
strument, distinguished alike by its contem- 
porary good looks, superb optical system and 
convenience of operation. Like all Welch 
Allyn instruments, it is designed for long, 
trouble-free life. No. 121 ophthalmoscope, 
head only, $38.00. In combination sets, from 
$73.50 to $82.00. 


ALLYN 
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‘PACK  MINIMS STERILE 


Absolute sterility of all surfaces of the 
Minims unit is assured by the pliofilm over- 
wrap. 


STERILE 
OPHTHALMIC DROPS 
IN 
DISPOSABLE UNITS 


Each unit contains the number of 
drops commonly used per applica- 
tion. 


Ophthalmic drugs available 
in the Minims package: 
ATROPINE SULFATE 1% 

ATROPINE SULFATE 2% 
ESERINE SALICYLATE 0.5% 
ESERINE SALICYLATE 0.25% 
PILOCARPINE 1% 
PILOCARPINE HCI 2% 
FLUORESCEIN SODIUM 2% 
HOMATROPINE HBr 2% 
HOMATROPINE HBr 5% 

PHENYLEPHRINE HCI 2.5% 

PHENYLEPHRINE HCI 10% _ 
SCOPOLAMINE HBr 0.2% . 
TETRACAINE HCI 0.5% 


Minims solutions remain stable 
for an indefinite period. 


For further information or litera- 
ture write or phone: 


MINIMS...c particularly valuable 
administration unit for... 


SURGERY / 895 KIFER ROAD 

SUNNYVALE, CALIF. | 
OPHTHALMOLOGICAL OFFICES RE 6-$462 | 
HOSPITAL WARDS 


INDUSTRIAL MEDICINE 
EMERGENCY ROOMS 
PATIENT USE 


STERILE PACK MINIMS 
for usual administration of 
Z 
= : 


make 
protection 
a part of 
every 
prescription 


PRESCRIBE BENSON'S H/R[)Ry SAFETY LENSES! 


| 


Eyes worth correcting are worth protecting. Every one 
of your patients deserve maximum safety from dangerous and 
costly lens breakage. Benson’s HARDRx safety lenses — 
ground to a formula-determined thickness and scientifically 
heat treated — are toughened to resist impact. 
To impress on your patients that you’ve prescribed 
unexcelled lenses for them, the identifying tag shown at left 
is attached to each pair of genuine HARDR«x lenses. 
Your patients will appreciate your thoughtfulness in 
prescribing this extra protection . . . and will tell 
their friends of your quality service. 


Join the growing number of doctors who specify HARDRx 
regularly. Remember: HARDR«x prescriptions receive 
the same prompt handling. 


1913-1958 ... Our 45th year 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 


| — 
| | 
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THESE are | 
for your Minneapolis 2, Minn. OPTICAL COMPANY 


Reading Vision with 
VOLK CONOID “235° 


Clear Vision Across 40mm Diameter 


AMERICAN BIFOCAL CO., me. 


The Use of Aspheric Curvatures Makes Possible 40mm diameter 
Lenses in Powers from 15 to 100 


Patient with defect in central retina and severe visual loss. 


Patient's distance correction: 


R+4.50 -—3.00x90 20/300 
L +4.00 20/1000 


Prescription for reading: 


R +34.50, —3.00 x 90 VOLK CONOID 
(+14.50, +11.50 curves on rear surface, 
L +4.00 Sphere 


P.D. = 64mm 40mm round lens 
D.B.L. = 24mm 6” temple 
Adjustable nose pads Zyl or metal frame 


R +30 D VOLK CONOID, +4.50, —3.00 x 90 
Incorporated 
L +4.00 Sphere 
(jos Final Glasses Contain: 


With the above Rx, patient reads newsprint with right eye 


. . uses left eye for orientation. 


VOLK CONOID LENSES AVAILABLE in 40mm and 37mm DIAMETERS 


AMERICAN BIFOCAL COMPANY INC. 
A B EXCLUSIVE OF CONOID LENSES 


GITSON FOREMOST PRODUCERS OF.MULTI-FOCAL LENSES 
PROCESS 


1440 ST. CLAIR AVENUE 
CLEVELAND 14, OHIO 
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TO TREAT THE PATIENT...THE PATHOGEN...THE INFLAMMATORY PROCESS 


New Predmycin Ophthalmic Solution, containing prednisolone, neomycin and a 
decongestant, provides unsurpassed three-fold therapeutic attack against infectious 
and inflammatory eye disorders: 


® for the patient: Phenylephrine HCl for rapid improvement of the eye’s appearance 
8 for the pathogen: Neomycin sulfate for its wide antibacterial effectiveness against 
most pathogens responsible for ocular infections 


® for the inflammatory process: Prednisolone for its rapid and effective action in 
checking destructive inflammatory reactions to ocular trauma. 


Predmycin combines prednisolone alcohol 0.2%, neomycin sulfate 0.5%, and phenyl- 
ephrine HCl 0.12%, in a sterile, lubricating solution—for optimal control of infectious, 
inflammatory and allergic conditions of the eyelids, conjunctiva, cornea, sclera, uveal 
tract, and following thermal or chemical burns. al 


DOSAGE: | to 2 drops in the eyes two to four times a day. ra 


SUPPLY: In 5 cc. all-plastic dropper bottles—on prescription only. a 
ALLERGAN CORPORATION Los Angeles 17, California 
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